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1 Introduction 
Until recently, phytoplankton research in Dutch coastal waters has only incidentally 
taken place. Even Van Breemen's study (VAN BREEMEN, 1905) dealt with only a few 
stations near the Dutch coast. An investigation of modern design was missing until 1973. 
The aims of the study presented here were: 
1. To produce a well documented qualitative (systematic) and quantitative survey of the 
phytoplankton of the North Sea off the Dutch coast, including spatial and temporal 
aspects. 
2. To find correlations of the phytoplankton distribution with environmental parameters 
and if they should exist, to explain them. 
The investigation was to have the character of a base line study. It should provide 
reference material for future research, purely scientific as well as aimed at answers for 
management problems. 
Historical Review 
I will first review the main features of phytoplankton research related to Dutch coastal 
water up to 1973. 
At the end of the 19,h century, (phyto)plankton research thrived in north-western 
Europe. Several large expeditions, global as well as into specific regions of the Atlantic 
Ocean, among which the Challenger expedition certainly is one of the most famous, 
provided scientists with an enormous amount of samples, able to keep them busy for 
many years. 
Further, for the study of the North Sea plankton scientists made agreements with the 
crew of liners to take samples on specified stations. Of course, local plankton investiga-
tions were carried out at all important marine stations. The plankton of the English 
Channel was investigated from Plymouth; in the Baltic, the Norwegian Sea, and the 
northern part of the North Sea some rather comprehensive studies were carried out by 
German and Skandinavian scientists. 
I will not dwell upon these, but concentrate on work with a direct connection with the 
plankton in the Southern Bight of the North Sea. 
This concerns, among others, the work of CLEVE (1900a, 1900b, 1901,1902,1903, etc.), 
GRAN (1915), and later BRAARUD, GAARDER and GR0NTVED (1953); it also 
concerns the study of VAN BREEMEN (1905,1906), who, working from the Zoological 
Station at Den Helder, The Netherlands, studied also a few stations in the Dutch coastal 
waters. To all these authors the Southern Bight was just a part of the system they wanted 
to understand. 
6 
Nevertheless, several of these authors thought it possible to draw conclusions about the 
plankton in the Southern Bight, its recruitment, and factors determining that 
recruitment. 
CLEVE (1896; 1897) had already stated that currents were all-important in determining 
the distribution of plankton, including the neritic plankton. He distinguished several 
types in the plankton (4 at first, later more), and tried to explain their distribution from 
the hydrographical conditions (see e.g. CLEVE, EKMAN and PETTERSON, 1900). It 
was hoped that plankton observations might be applied to facilitate hydrographical 
research. 
HAECKEL (1890) used a simpler classification and distinguished oceanic and neritic 
categories, those categories being purely topographic. 
The terms were adopted by GRAN (1902) too, but he defined oceanic as: not dependent 
on the bottom during the whole life cycle; and neritic as: dependent on the bottom in one 
way or another, mentioning for phytoplankton the link of resting spores or cysts. 
These concepts formed the basis of Van Breemen's treatment of the plankton of the 
North Sea, particularly the Southern Bight. His work consists of four parts: firstly, an 
annotated list of 136 species of phytoplankton and 65 species of zooplankton, with 
remarks on spatial and temporal abundances, as well as on salinity, water temperature 
and other environmental circumstances under which the species occurred. This list can be 
used as an early base line study of the plankton of the Southern Bight, although Van 
Breemen specifically did not claim completeness. 
In the second part of his work, he criticized some concepts of Cleve and Gran about 
plankton distribution, and used his own observations to work out some new ideas. 
Perhaps the most important points to this subject were his finding that: 
- The northern North Sea and the western part of the English Channel have species in 
common (some of which occur in large numbers) that do not occur in the Southern 
Bight and in the eastern part of the entrance to the English Channel. Examples of 
these species are: Rhizosolenia styliformis, Halosphaera viridis, Ceratium 
macroceros, Rhizosolenia semispina, Rh. alata, Coscinodiscus concinnus, 
Chaetoceros borealts, Ch. convolutum, as well as Ceratium bucephalum, C. tripos, C. 
longipes, Dinophysis acuta, D. acuminata, D. norvegica. 
Van Breemen recorded a number of zooplankton species with a similar gap in their 
distribution pattern. So the Southern Bight, and particularly the eastern part of it, 
appeared to be an area with a phytoplankton flora of its own. 
- The current patterns alone in the area can not account for this kind of distribution, nor 
can the distribution of salinity. 
- The species in the southern North Sea can be mainly characterized as 'neritic', or as 
neritic counterparts of oceanic species. Examples of the latter are: Rhizosolenia 
shrubsolei (oceanic counterpart Rh. styliformis), Rh. setigera (counterpart Rh. 
semispina), Coscinodiscus granii (counterpart С. concinnus). Van Breemen did not 
know the name C. granii, but recognized it as a different form. 
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Van Breemen suggested that the most important factor determining the distribution of 
neritic plankton was, that young individuals (and may be spores and eggs too) of certain 
species could only have their normal development in coastal water. Although this 
relationship between properties of the water (particularly salinity and temperature) and 
properties of organisms had been clearly recognized before, as well as its practical 
implications (see e.g. FULTON, 1896), Van Breemen held the opinion that this relation-
ship could be more important than the current pattern (or the hydrographical conditions 
in a wider sense) in determining phytoplankton distribution, especially in coastal regions 
where mixing with fresh water with its own chemical and physical properties occurs. 
This might particularly be so in areas like the Southern Bight with a complicated current 
pattern and a completely mixed water column. Moreover, Van Breemen's results raised 
doubts about the idea that plankton distribution was an important aid in investigating 
direction and velocity of currents. Plankton distribution has often been used as such, even 
up to the present time. In doing so, however, biological phenomena must be taken into 
account too. 
An excellent example of what can be accomplished by a sensible combination of 
knowledge about water movement and biological phenomena has been given by 
HARDY (1956), quoting, among others, FRASER (1952a, 1952b, 1955), when he deals 
with the existence and movement of the so-called Lusitanian plankton/watermass off the 
west coast of the British Isles. 
It has been possible to follow this watermass coming from deep levels of the Mediterra-
nean, until it surfaces north of Scotland, although the plankton composition changes 
during its course, due to production and grazing effects, as well as changes of environ-
mental circumstances. 
It is well possible that Van Breemen in his explanation even underestimated the role of 
resting spores or cysts of certain phytoplankton species, particularly those of 
Dinoflagellata. But knowledge of these was very limited in his days. Since then, not a few 
phytoplankton 'species' have been recognized as cysts of other species. An important 
contribution to this aspect can be found in the work of SARJEANT (1974). 
The other two parts of Van Breemen's study now have mainly historical value. They 
concerned a description of the plankton of the Zuiderzee and the Wadden Sea, with an 
attempt to find and explain some connections between those and the plankton of the open 
North Sea, and a comparison of Zuiderzee plankton with Baltic plankton, based on 
supposed similarities in environmental conditions in both basins. 
Since the turn of the century, comparatively little other work on the phytoplankton of the 
Southern Bight and its supplying estuaries has been done for more than 60 years. 
REDEKE (1902) reported about the plankton of a Dutch estuary in the southern part of 
the area, the Oosterschelde (Eastern Scheldt). VAN GOOR (1923) treated what he 
called the 'nannoplankton' of the Southern Bight. Nowadays this category mostly com-
prises much smaller organisms than Van Goor's work was about. Besides, his survey was 
far from complete. 
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VAN DER WERFF (1938) studied the plankton near seaside resorts in relation to 
pollution of the seawater 
A red tide of Mesodimum rubrum near the Dutch coast has been described by FONDS & 
EISMA (1967) 
The structural aspects of the phytoplankton have received some attention in the cruises 
with a continuous plankton recorder (HARDY, 1939), although the amount of coverage 
was - and is - not impressive Material from those cruises was used by COLEBROOK 
(1964) to analyse plankton distribution with the help of principal component analysis 
(PCA) This is one of the first attempts known to me using this kind of mathematical data 
processing on plankton material from European waters The results obtained with the 
plankton recorder form an important time series, which can be used to trace long term 
trends and effects m the plankton (see e g GIESKES & KRAAY, 1977b, who investi­
gated the change from diatom dominance to flagellate dominance in the Southern Bight 
between 1948 and 1975, which may be due to natural causes, to eutrophication, or to 
both) 
Nearly all research mentioned was qualitative in nature, ι e recording species Early 
attempts to quantitative work include the impressive publication by LOHMANN (1908) 
on the accuracy of sampling and counting methods Many publications on plankton 
production have also appeared, but 1 know of no quantitative work of importance on 
plankton in the Southern Bight before the seventies of the present century Then, the 
number of publications increased rapidly ROBINSON (1970) used PCA to analyse 
phytoplankton periodicity in the North Atlantic, and its connection with temperature 
anomalies 
IBANEZ (1972) studied the winter distribution of plankton in the Southern Bight, using 
data assembled in 400 surface samples, by the Lowestoft fisheries research institute in 
1952 Ibanez used PCA to distinguish groups within the plankton community, as well as, 
separately, groups within the measured environmental factors He then tried to find 
correlations between the two groups of principal components He was able to distinguish 
3 groups of plankton One species belonged to two different groups, one could not be 
attributed to any of the three groups These groups were mapped Correlation with the 
environmental factors was not very successful only about 21% of the total variation 
could be 'explained' Still, several water types with typical plankton associations were 
found 
This is perhaps the place to mention the work of SCHULZ (1961) He studied the 
plankton of the estuary of the German river Elbe The way he treated his material can be 
an example for studies concerning plankton species composition in relation to environ­
mental conditions Schulz gave a species list with ecological annotations to each species 
He distinguished a chain of 4 main plankton associations in the Elbe estuary The 
characteristic species of each association were autecologically analysed and their salinity 
tolerance range established, as well as their annual development cycle The associations 
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Schulz found, could be attributed to the distribution of water quality parameters, geogra-
phy, and complex current patterns. 
A work of similar design is the thesis of DE PAUW (1975) about the environment and 
plankton of the Westerschelde (Western Scheldt). 
The primary production and phytoplankton of the Dutch Wadden Sea was studied by 
CADÉE & HEGEMAN (1974; 1979). 
Production oriented studies by MOMMAERTS (1973a; 1973b), JO PODAMO (1973), 
RONDAY (1972), and others were meant to provide the Belgian government with 
knowledge necessary to be able to set up a management scheme for their (inland and) 
coastal waters (C.I.P.S., project MER). GIESKES (1972; 1974) and GIESKES & 
KRAAY (1975; 1977a) have studied the spatial and seasonal primary production pat-
terns off the Dutch coast. 
Finally, the work of KAT (1974; 1975; 1977,1982a, b, c), who is conducting a long term 
survey of phytoplankton distribution in the same area as mine is an important parallel to 
my own study. This study started in 1973 and still continues. For an optimal interpretation 
of the results of those two studies it is very important to look at the results of both 
simultaneously. 
The present study is meant to provide baseline information on the distribution of 
phytoplankton species, because the work of Van Breemen is outdated now. It is meant to 
fill a gap in the information on northwestern European waters, and can serve as compari-
son with earlier work as well as for reference material in the future. It is important to be 
able to establish whether any changes in the phytoplankton community take place (or 
have already taken place) as a consequence of human actions. This kind of knowledge is 
also essential when it must be decided whether some kind of human action will have 
acceptable or non-acceptable influence on the environment. On the other hand, long 
term developments like the recently established change in dominance in the Southern 
Bight during summer from diatoms to microflagellates (GIESKES & KRAAY, 1977b; 
GREVE & PARSONS, 1977; COLEBROOK ET AL., 1978; REÍD, 1978) may be 
attributable to natural causes. This also forms important knowledge, because sometimes 
long term - or even short term - developments in living communities are attributed to 
(negative) human influence (like pollution) all too easily. 
The main objective of my study, therefore, has been to produce a well documented 
survey of the species and their spatial and temporal distribution off the Dutch coast. The 
existence of spatial and temporal groups remains to be confirmed by future research, and 
if possible to be studied in more detail. The stability of associations and their causes could 
not be established within the term of this study. 
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2 Description of the studied area 
The Southern Bight of the North Sea is situated between the English and Dutch coasts, 
roughly bordered by the entrance to the English Channel in the south, and the latitude of 
54° N in the north. Several large rivers discharge into the Southern Bight, of which the 
Rhine and the Thames are the most important ones. 
The part of the Southern Bight that was sampled for this study extends between Hook of 
Holland and Den Helder, up to 70 kilometres off the Dutch coast. Fig. 1 shows the area 
with the sampling stations for 1974. In the second year of study the area has been 
extended slightly to the north and south. 
Geomorphologically the study area is relatively simple. Apart from a series of longshore 
sandbanks very near the coast, the depth increases gradually to ca. 30 m. Bottom deposits 
are mainly sand; fine sand (ca.120 μπι) and fine with more than 20% medium grained 
sand (ca. 250 μπι) from the coast to about 10-15 km offshore south of Umuiden, and in the 
whole area north of Umuiden. South of Umuiden the coarseness of the sand increases 
gradually in offshore direction and southward to medium grained sand, with a patch of 
mainly coarse sand (350 to 400 μπι) at about 15-25 km offshore of Terheijde. The finest 
sand is found in the first 5 km offshore near Terheijde and southward of the Delta area of 
Rhine, Meuse and Scheldt, and in a patch roughly 5-20 km offshore between Callantsoog 
and Egmond (JARKE, 1956; McCAVE, 1971). 
This sediment distribution is only partially responsible for the turbidity pattern in the 
area. According to LEE and FOLKARD (1969), the particle size distribution is essen­
tially uniform in the whole area, but the sediment load differences cause a gradual 
decrease of turbidity in offshore direction. The minimum turbidity is found in the area 
with the smallest velocities of tidal currents. This is farther offshore south of Umuiden 
(even outside the study area) than north of this port. The transparency of the water is, 
however, also determined by the phytoplankton content, which can be very variable (e.g. 
GIESKES, 1974; GIESKES & KRAAY, 1975). 
The pattern of water masses in the Southern Bight has been described by several authors. 
Early planktonologists like Gran, Cleve and Van Breemen were interested in the current 
patterns because of their influence on plankton distribution. Important descriptions by 
hydrographers are those of BÖHNECKE (1922), LAEVASTU (1963), LEE (1970), 
HILL (1973) and NIHOUL (1973). In the study area two main water masses can be 
distinguished. Firstly, the coastal water, which has a relatively low salinity and in which 
the influence of water from the river Rhine and other fresh water sources can be of 
considerable importance (eutrophication, pollution). And secondly, the tongue of Atlan-
tic water with a salinity of about 35 %o, extending more (winter) or less (summer) far from 
the English Channel in north-easterly direction along the axis of the Southern Bight. The 
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pattern of isohalines provoked by the configuration of these two water masses is roughly 
parallel to the coastline, although the amount of river discharge may influence this 
pattern locally 
The mentioned tongue of Atlantic water has its main origin in the English Channel, but it 
also contains water that enters the Southern Bight from the northern North Sea, along 
the Scottish and English coast (less in summer than in winter) The residual current 
pattern in the Southern Bight consists of a southward running current along the English 
coast, branching eastward from Norfolk to the English Channel, there joining the 
Atlantic water entering through the English Channel, in a north-easterly directed current 
along the Dutch coast (CARRUTHERS, 1925, LEE, 1970) Under conditions of persis­
tent south to southeasterly winds - as often blow during early autumn - the whole 
circulation in the Southern Bight can turn into the opposite direction (CARRUTHERS, 
1925), a situation that has also been observed to occur in other times of the year (VAN 
BENNEKOM,perscomm , OTTO ET AL ,1969) RAMSTERFTAL (1976) demon­
strated this reversal under conditions of persistent northerly winds (which seems more 
logical than Carruthers' observations) 
This current pattern and the various sources of nutrients, plankton, and pollutants of 
course determine the distribution of nutrients and plankton to a great deal POSTMA 
(1973) gives a summary of the supply of water, organic matter, phosphorus and nitrogen 
to the Southern Bight The inflow of water through the English Channel is the largest (2 χ 
IO12 mVyr), the inflow from the north being about 1 χ IO12 mVyr and from the rivers about 
0 125 χ 1012 mVyr - with the Rhine as largest supplier 0 07 χ IO12 mVyr 
This means that the inflow from the Rhine, although amounting to 56% of the total river 
inflow, is no more than ca 2% of the total amount of water supplied to the Southern 
Bight 
Organic matter, phosphorus and nitrogen input by the two Atlantic sources are roughly 
the same (0 4-0 6 χ IO6, 314x10', and 2-2 5 χ 10^  tons/yr, respectively) Concentrations in 
the water from the north thus appear to be (very roughly) 1 5 times as high as in the water 
from the English Channel But by far the most important sources of organic matter and 
nutrients are the rivers Although the volume of water discharged is very much smaller 
than from the other two sources, it contains 5 times as much organic matter as either, 2 
times as much phosphorus, and 3 5 times as much nitrogen These discharges cause the 
coastal water to be enriched with nutrients (eutrophication) 
Consequently, the potential primary production per square metre in the Southern Bight 
should be much higher (2 to 5 times) than in the rest of the North Sea 
Actual primary production in Dutch coastal waters is limited by turbidity It is, neverthe­
less, somewhat higher than in the central and northern North Sea, as wel as in the English 
Channel, according to a literature survey by DE LANGE & HUMMEL (1978) How­
ever, FRANSZ & GIESKES (1984) give the following figures, based on measurements 
between 1971 and 1981 (in g C/m2/year) Southern Bight, coast 200, Southern Bight, 
offshore 250, Central North Sea, 1981 250, northern North Sea (FLEX) much higher 
than 100 This would suggest a more or less uniform yearly primary production per 
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surface unit over most of the whole North Sea, independent of local circumstances. 
The two main water masses in the study area do not show a large extent of mixing. The 
exchange of material between them is very limited, as, among others, is shown by the 
work of ELSKENS (1974) for cadmium distribution in sea water. 
Distribution patterns of nutrients, temperature, salinity and transparency have also been 
investigated in more detail (see e.g JOHNSTON & JONES, 1965; TUSSEN, 1968, 
1969, 1970; GIESKES, 1972, 1974; BEINTEMA, 1973; VAN BENNEKOM, 
G1ESKES & TUSSEN, 1975; GIESKES & KRAAY, 1975; VAN HATTUM ET AL., 
1976; VAN TILBURG ET AL., 1977). 
The distribution of river water from various sources along the Dutch coast is shown by 
SUIJLEN (1981). 
Figure 2 General surface current pattern and main water masses in the Southern North Sea 
(summer). Based on LAEVASTU (1963), and recent information from the Hydrographie Dept of 
the Dutch Admiralty, The Hague 
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As a consequence of the patterns of currents and water masses, the surface isopleths of all 
kinds of water quality parameters are mainly parallel to the shoreline Many irregularities 
occur, however OTIO, VISSER & TUSSEN (1969) found patches of low salinity in 
February and March 1969, probably connected with rapid changes of the direction of the 
residual current (even reversal of the direction) within a few days due to wind influence 
Mean values over many years are known for several parameters (e g DIETRICH, 1962, 
for temperature and salinity from 1905 through 1954) 
Annual deviations are discussed in the Annales Biologiques TUSSEN (1969) reported 
the confirmation of the fact, that Secchi disc visibility near the Dutch coast is higher in the 
second half of the year than in the first half He also reported, that the low oxygen values 
of the heavily polluted rivers Rhine, Meuse and Scheldt are reflected in all samples from 
the coastal zone in all cruises except July-August In the spring of 1970, OTTO (1970) 
reported negative surface salinity deviations, which could be related to abnormally high 
river discharges BECKER (1970) suggested the existence of an above normal influence 
of Atlantic water from the English Channel in 1970 Thus, every year the hydrographie 
conditions of thestudy area are monitored and reported by many authors 
The spatial and temporal patterns of primary production have also been studied (e g 
HOUGHTON, 1971, GIESKES, 1974, GIESKES & KRAAY, 1975, 1977a), as well as 
potential primary production (DE KROON, 1971) 
WEICHART (1973) summarized the various sources of pollution He distinguished 
pollution from rivers and direct sewage introduction, from precipitation from the at-
mosphere via rain and dust, by shipping (e g oil, waste water, packing materials), from 
oil and gas riggs (in the area mainly indirectly of importance), and pollution from 
dumpings of often poisonous industrial waste materials and harbour sludge from ships 
Although part of these poisonous materials will be relatively efficiently packed in con-
tainers, both kinds must be considered in evaluating human influence upon the marine 
environment Harbour sludge dumping from Rotterdam has been a recent source of 
concern in The Netherlands 
The different pollution sources are related in several ways to phytoplankton growth, 
production and diversity Rivers cause enrichment of the coastal water with heavy metals 
and nutrients (eutrophication), as well as (locally) reduction of transparency Sewage 
often contains toxic matters and can cause oxygen depletion Precipitation contains 
diverse toxic matters, and can affect buffer capacity of the sea water, thus influencing 
growth circumstances of phytoplankton Oil impedes light penetration and thus produc-
tion of phytoplankton, and it contains toxic elements Industrial waste can be toxic even 
after burning at sea certain compounds can get into the water by precipitation 
Harbour sludge often contains toxic matters, and dumping certainly reduces 
transparency locally, but possibly to a considerable distance from the dumping site too 
Radio-active material and waste will cause radiation effects on living organisms It is not 
yet clear what the exact form and extension of those effects can be, but it is disturbing that 
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concentrations of some materials, like radio-active tritium, locally in the Southern Bight 
are much higher than on the average in the ocean 
Weichart did not mention dredging, construction of pipelines, or major engineering 
works and coastal protection constructions These activities can have long lasting effects 
on marine biocoenoses, first by upturning their environment, then by increasing turbidity 
and in some cases causing the release of polluting agents from the sediments, and lastly by 
changing current patterns This kind of activities is common practice in Dutch coastal 
waters, and some large projects arc being developed for the next decades 
Recently a comprehensive review of all kinds of human activities threatening the North 
Sea ecosystem was compiled by a German committee, the 'RAT VON 
SACHVERSTANDIGEN FUR UMWELTFRAGEN' (1980) This resulted in the book 
"Umweltprobleme der Nordsee' in which one can find references to virtually everything 
about these problems as well as descriptions of physical, chemical and biological charac-
teristics of the area 
The importance of conducting studies of both purely scientific and applied nature may 
perhaps be stressed by the existence of two gradients in this area for the rest being ruled 
by tidal currents, wind mixing, exchange situations at estuaries in the south and the 
entrances to the Wadden Sea in the north, and by nutrient and pollution inputs as well as 
direct human activities Those two gradients exist perpendicular to each other one from 
the less saline, turbid and eutrophicated water near the coast to the more saline, clear and 
less eutrophicated water in the middle part of the Southern Bight, and a gradient of 
dilution of water from the Rhine and other freshwater sources along the Dutch coast 
northward (with possible anomalies induced by wind direction and force, as indicated 
above) Gradients arc often well suited for the study of biological phenomena They can 
be used to obtain information about ranges of environmental circumstances suitable for 
certain organisms, which then perhaps can be used as indicators of the effects of human 
activities This kind of knowledge is essential in decision making around management 
plans and proposed activities in the area concerned 
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3 Methods and materials 
a. Sampling 
Sampling mainly took place from the M V 'Smal-Agt' of the Directie Noordzee of the 
Rijkswaterstaat (1974), and from the R V 'Aurelia' of the Netherlands Institute of Sea 
Research (NIOZ)(1975) In 1976 the tug 'Holland' was kindly made available by the 
Rijkswaterstaat for a one day sampling cruise in August 
In 1974 the sampling network consisted of 4 transects of 5 stations each, more or less 
perpendicular to the coast (see Fig 1) The stations were fixed in each of the transects at 
3,10,20,30 and 70 kms off the coast, respectively The transects were given a code letter, 
referring to a town or village near its coastal end Τ for Terheyde, N for Noordwijk, E for 
Egmond, and С for Callantsoog (see Fig 1) Stations were given a code number referring 
to the number of kilometres off the coast it was situated Thus, station nr 1 was called T3, 
station nr 2 was T10, etc to station nr 20, which was C70 
Table 1 
Station 
T3 
T10 
T20 
T30 
T70 
N3 
N10 
N20 
N30 
N70 
F3 
ЕЮ 
Ь20 
E30 
E70 
СЗ 
СЮ 
С20 
С30 
С70 
Station 
nr 
positions and depths, 1974 
Lat Ν 
52 04 
52 07 
52 11 
52 15 
52 32 
52 16 
52 18 
52 23 
52 26 
52 40 
52 38 
52 40 
52 41 
52 43 
52 50 
52 53 
52 54 
52 55 
52 56 
52 59 
Long E 
04 09 
04 05 
03 59 
03 54 
03 32 
04 24 
04 19 
04 05 
04 05 
03 40 
04 35 
04 29 
0421 
04 12 
03 39 
04 40 
04 34 
04 25 
04 16 
03 41 
Depth (m) 
К) 
19 
19 
18 
30 
12 
12 
17 
26 
26 
14 
15 
19 
23 
25 
10 
17 
22 
25 
27 
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Occasionally also samples were taken at 1 km off the coast. The frequency of sampling 
cruises was once a month, and alternating with the State Institute for Fisheries Research 
(RIVO) sampling with the same ship and on the same network. 
The sampling in 1975 was mainly concentrated on the spring, with weekly cruises. Two 
additional cruises were made in autumn. The stations network was variable, and de-
pended on the peaks and dips in the continuous chlorophyll registration on board. Each 
cruise the same pattern was navigated (see Fig. 3). Sometimes the weather caused small 
aberrations from the plotted course. 
In the third year of my study, no survey of the whole area was made. 
This year was dedicated to a study of the patchiness of phytoplankton off the Dutch coast 
(see chapter 7), counting samples left from 1975, and processing the data. 
All samples were taken from the upper 0.5 m with a bucket (1974 and 1976) or with a 
Nansen or Postma water sampler (1975), from which 1 litre polyethylene bottles (1974 
and 1976), or 250 ml bottles (1975) were filled. The contents of these bottles were 
immediately preserved with JKJ/Na-acetate. The different sampling instruments have 
not been compared as to their effectiveness. 
Figure 3 Main course of sampling vessel during the cruises of 1975 
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Accuracy of sampling 
To analyse the error introduced by this way of sampling, I filled two 1 litre bottles from 
the same bucket, and repeated this at four different stations during one day The contents 
were subsampled and counted in the usual way 10 species were selected, and their 
counted numbers in each pair of samples compared by means of a /Mcst 
Only six χ2 values indicated significant difference between sample a and b, for the species 
concerned All the other 34 pairs were not significantly different, indicating that the used 
methods were indeed reliable 
Originally an extra bottle was filled at each station, and stored cool and dark, with the aim 
to examine the contents alive in the laboratory directly after the cruise This was done 
because the identification of some fragile species is difficult in a preserved state (see also 
GIESKES & KRAAY, 1983) 
Later the amount of work involved did not balance the results any more, so these samples 
were no longer taken 
It was tried to inspect samples aboard, immediately after taking them from the sea, but 
this proved unsatisfactory 
b. Concentration 
In the laboratory the preserved contents of the polyethvlene bottles were concentrated to 
'/, of the original volume by sedimentation for at least a week The carefully sucked off 
water was discarded, but periodically controlled for the presence of any phytoplankton 
species The results indicated that the procedure was very effective indeed, very few cells, 
if any, were ever found in this 'supernatant' 
e. Subsampling 
After shaking the remainder by hand a subsample of 5 ml was taken by means of a pipette 
This subsample was transferred into a round Utermohl counting chamber (surface 5 cm2, 
height 1 cm) The counting chamber was then covered with a plastic cover slide, and put 
away for sedimentation m a moist atmosphere for at least 18 hours (as recommended by 
UEHLINGER, 1964) Abrupt temperature changes were avoided 
For counting purposes, the distribution of cells on the bottom of the counting vessel must 
approximate a random distribution If it does not do so, one must first establish the kind 
of distribution, and only then do the counting itself As this has to be repeated for every 
new (sub-)sample, it is very time consuming I have therefore developed a way of 
preparing the subsample so, that the chance of getting a non-random distribution was 
minimal 
It was found in the way of filling the counting vessel and the circumstances of sedimenta­
tion It appeared imperative that no temperature differences existed between sample, 
counting vessel and the pipette that was used to transfer the sub-sample to the vessel The 
pipette had to be moved in a 'non-pattern' over the vessel while it emptied, thereby 
keeping it vertical, rather than holding it in one place above or against the side of the 
vessel and under an angle The covered vessel had to be put away in a moist atmosphere 
19 
(better still in a water bath, but this was not imperative) and kept at a constant tempera­
ture, so as to avoid any convection currents inside the vessel 
The distribution acquired this way was nearly always random or nearly so Having 
standardized the mentioned methods, it was then assumed that all distributions were 
random, this was controlled at irregular intervals during the three years of this investiga­
tion In only a few cases a slightly concentric or otherwise contagious distribution was 
found 
The rest of the concentrated sample was preserved with neutralized formalin to 4% 
Accuracy of subsampling 
At the start of this investigation an experiment was carried out, counting 10 whole 
subsamples of 1/400 litre each, from the same sample. 6 Species were selected that 
occurred in 5 or more of the subsamples The countings of each species were then 
compared by means of a χ2 test 
Thalassiosira div spec and Nitzschia clostenum countings agreed with a random distri­
bution (95% confidence limits, 9 degrees of freedom, Ρ =5 0 05) 
The other 4 species appeared to be contagiously distributed over the ten subsamples This 
is probably partly due to the fact that these were all colony forming species The influence 
of colony formation on the counts was not studied However, by the handling of the 
samples, and possibly also by the effect of Lugol's solution, many colonies were broken 
up (as appeared from comparisons with live samples) In samples with undamaged 
colonies, the expression s7x (in which s = standard deviation, and x = mean number 
counted) might be a useful tool for measuring colony forming in a given species 
The size of the subsample was, of course, also very important I have therefore tried to 
find the optimum subsample size, that is, as a compromise between the number of species 
in a subsample on the one hand, and the necessary counting time on the other hand This 
is a minimal area problem 
50 _. 
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Figure 4 Minimal subsample size determination 
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Fig 4 shows the relation between subsample size and number of species The graph levels 
off at a subsample size of 1/40 litre, then rises again to 1/20 litre This may reflect the 
smallest patch size 
X^tests with 1/40 litre subsamples gave drastically improved results compared to 1/400 
litre subsamples Larger subsamples appeared to add verv little to this improvement As 
1/40 litre took a reasonable counting time - in view of the number of samples per month -1 
have further used this as standard subsample size 
d. Counting 
The counting was done with a Wild M40 inverted microscope 
To assure that as many species as possible would be taken along, and, at the same time. 
limit the amount of time spent per sample, I counted only the species larger than ca 60 μπι 
in the half or the whole vessel Intermediately sized species (ca 20-60 μπι) were counted 
in 4 diagonal tracks alongside each other in the middle of the vessel (see Fig 5a), under a 
magnification of 150 times, which accounts for 1/5 of the whole vessel, or 5 ml of 
unconcentrated sample The smaller species were counted in 10 'fields of view', more or 
less evenly distributed between the edge and the middle of the vessel, under a magnifica­
tion of 375 times, which amounts to slightly less than 0 1 ml of unconcentrated sample 
Because of the large numbers of these smaller species, this seemingly small portion did 
not cause great deviations In an experiment the number thus estimated per litre was less 
than 6% higher than the number found by counting one half diagonal track, which is a 
portion of the vessel 6 25 times as large as 10 'fields of view 
In the mathematical computations afterwards, only species were taken along that were 
counted in numbers of 20 or more (independent of the counted portion of the vessel) 
Thus the minimum accuracy was ± 50% with 95% confidence limits (20 counted means 
that the real number lies between 12 and 30) 
Mostly, more than 90% of the encountered species could be taken along 
A problem in counting diagonal tracks is that the middle of the vessel is overestimated, 
and the edge underestimated as to the number of organisms in the sample This is so, 
because the fractions of the middle and the edge that are counted are different For this 
problem, like with concentric distributions, counting sections of the round bottom could 
be the solution (see Fig 5b), apart from counting numbered squares (UEHLINGER, 
1964) 
The precision that is necessary depends very much on the type of phenomenon one is 
studying A precision of ± 50% is often considered fair enough in qualitative 
phytoplankton investigations (surveys), because density changes are often of the order of 
100% or more between sampling cruises (e g LUND LT AL , 1958) In the area off the 
Dutch coast this is certainly true for sampling frequencies of less than once a week (see 
e g GIESKES & KRAAY, 1975) 
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I-igure 5a 4 diagonal tracks as b a section of the same surface 
counted in this investigation, 
amounting to 1/5 of the 
vessel 
Accuracy of counting 
The accuracy of counting depends, apart from the skill, experience and concentration of 
the investigator, on the distribution of the different organisms over the bottom of the 
counting vessel, and on the portion of that vessel that is counted 
Perhaps one of the most comprehensive papers on the subject of phytoplankton counting 
is that of UEHLINGER ( 1964) Uehlinger compared experimentally and statistically the 
usefulness and accuracy of several combinations of sample treatment, type of counting 
vessel, and method of counting then in use One of her conclusions was that, especially 
when the distribution of organisms over the bottom of the counting vessel is not random, 
one should use a bottom glass that is divided into numbered squares, and count a certain 
number of those squares in a sequence according to a random table Uehlinger chose a 
division into mm2 in a round Utermohl type sedimentation chamber, and counted with an 
inverted microscope, which she concluded was better than normal microscopes and other 
types of vessels As to sample concentration she settled for sedimentation and 
décantation 
To establish precision, or confidence limits, of counting it is first necessary to find out how 
the cells are distributed on the bottom of the vessel This can be done by counting a 
number of equal portions of the bottom of the vessel, and then - for some selected species, 
because it is impossible to do it for all - calculate s2/x over these portions (in which is s = 
standard deviation, and χ = mean number counted) If s2/x = 1, the organisms are 
randomly distributed If the expression is smaller than 1, they are more evenly distributed 
('under-dispersed'), and if the expression is larger than 1, they are 'over-dispersed', or 
clustered If the cells are not randomly distributed, one can work out the distribution 
further In practice, distributions of plankton samples are mostly over-dispersed 
(CASSIE, 1959, WILLIAMSON, 1961, ANGEL & FASHAM, 1973) CASSIE (1962) 
showed, that a negative binomial is a good descriptor of such a distribution 
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Knowing the distribution, one can find the confidence limits for any subsequent count in 
the same sample by consulting standard tables given in several works on statistical 
analysis, e.g. ELLIOTT (1977). 
In the beginning of my investigation I found that a random distribution of individuals of a 
species was not usual. In some cases a distinct concentric distribution was found: very 
large species tended to become concentrated near the edge of the counting vessel, 
whereas very small species settled down in the middle. It would have given no problems if 
the contents of the whole vessel were counted, but in practice that could only be done for 
a few large species, like Ceratium tripos, C. fusus, several Peridinium species, and 
Coscinodiscus concinnus. Counting sections could also have solved the problem, but I did 
not have counting vessels (or bottom glasses) designed for that purpose. It proved, 
however, possible to eliminate the problem by means of preparing the subsample in a 
special way for counting (see point с of this chapter). 
Any automatization in the counting procedure could be very useful in reducing counting 
time, which still is the limiting factor in many studies. Modern developments like flow-
cytometry and high performance liquid chromatography (HPLC), have great promises 
for employment to achieve this. 
e. Physical and chemical parameters 
Apart from the phytoplankton samples, several environmental parameters were measu­
red at each station: salinity and water temperature of the surface layer (and when deeper 
samples were taken, salinity and temperature at those depths), bottom depth, secchi disc 
visibility, and weather conditions (air temperature, wind direction and force, state of sea, 
and sometimes degree of cloudiness) were noted down. 
The measurements for the primary production studies of NIOZ scientists included 
irradiation, oxygen content of the water, nutrients (N, P, Si), chlorophyll (including 
continuous registration aboard) and phaeopigment content. I was kindly given permis­
sion to use these data. 
f. Data processing 
The set of data from all the cruises is very large. To facilitate insight in the structure of the 
data set, mathematical pattern recognition techniques were applied: cluster analysis 
(CLU) and principal components analysis (PCA). 
Cluster analysis (CLU) 
I have used a cluster analysis with (dis)similarity measured by the Euclidian distance 
between objects, as well as by the correlation coefficient. Data were treated untransfor-
med, but also standardized, binarized (variables present or absent, so only qualitative 
differences between objects are measured), and logarithmized. Results of the different 
runs could so be compared, with the aim of being able to identify details in the structure of 
the data set that could not have been found with a single treatment. 
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For the actual clustering process the weighted pair-group method with arithmetic avera-
ges was used, as discussed by DAVIS (1973) 
The results of a clustering procedure are often displayed in the form of a dendrogram, like 
in Fig 13a 
Often, an arbitrarily set value of similarity is used in deciding about the level of separation 
of clusters ('fixed stopping rule') In ecological studies, however it is preferable to 
employ a 'variable stopping rule', in which the level of separation is determined on the 
basis of the original observations (BOESCH, 1977) This means that other aspects than 
purely methodical ones can influence the result, which in this case is probably better I 
have used the variable stopping rule Distortion m the dendrograms was not measured 
because, according to BOESCH (1977), the used clustering method generally tends to 
produce only small distortions 
The dendrograms were then translated into spatial patterns and species groups 
Principal Component Analysis (PCA) 
Although originally a method to identify direction and length of principal axes m a point 
cloud on the basis of certain hypotheses about those directions PCA can also be used 
without such a prion assumptions, just to find the main structure in a data set 
Results can be presented in an ordination diagram (see fig 13b) Or they can be 
presented as a spatial pattern and as species groups 
To make results more explicit rotation was applied (Kaiser s Vanmax method, see 
KAISER. 1958) 
Both cluster analysis and principal component analysis were done in R-mode (stations as 
objects, species as variables) Q-mode (species as objects, stations as variables) was only 
used in a few cases The number of principal components (PC) was determined by using a 
criterion formulated by GUTTMAN (1954) all PC with eigenvalues (latent roots) 
smaller than 1 were considered not significant I have interpreted 'not significant as 
indicating a group without a certain degree of inner coherence 
Examples of application of this kind of methods in plankton research are given in - e g -
WILLIAMSON, 1961, CASSIE, 1963, COLEBROOK, 1964, IBANE7 1968, 1971, 
1972, 1973, 1974, ANGEL & FASHAM, 1973, 1974 
Results from CLU and PCA were compared with an 'old fashioned' vegetation table, 
constructed with the help of a micro-computer and with a table constructed with the 
TWINSPAN programme, with the help of a HP 1000 computer TWINSPAN is a 
programme that uses a divisive hierarchical clustering procedure resulting in a table in 
which objects are ordinated on the horizontal axis, while the variables are ordinated at 
the same time on the vertical axis (HILL, 1979) 
The programme provides characteristic species for each division, and the hierarchy of 
divisions is indicated in the resulting table 
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Correlation of patterns with environmental factors 
- The R-mode analysis results were cartographed, and then compared to charts with 
isopleths of water quality parameters (see also FIELD, CLARKE & WARWICK, 
1982) 
- The factor scores from PCA have been used to calculate correlation coefficients with 
the values of environmental parameters at the same stations or station groups (see 
Table 12 and 13) 
All computations were done on the IBM computer of the Reactor Centrum Nederland 
(RCN) at Petten, and in the computation section of the division Environment and 
Physical Planning of the Deltadienst, Rijkswaterstaat at Middelburg 
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4 Environmental parameters 
a. Salinity (1974) 
Salinity is well known as an important parameter in determining the distribution of all 
kinds of marine organisms (e g REMANE & SCHLIEPER, 1971) In my investigation 
only surface salinity was measured, each month at each station 
Results are shown in Table 2 and in Figure 6 
Table 2 Surface salinities during 1974 (%o S) Although phytoplankton samples were taken in 
February, no salinity measurements from the stations are available for that month 
Station Month of the year 
nr 
T3 
T10 
T20 
130 
T70 
N3 
N10 
N20 
N30 
N70 
E3 
ЕЮ 
E20 
E30 
E70 
C3 
C10 
C20 
C30 
C70 
March 
29 443 
31 637 
31972 
32 857 
35 167 
31042 
31 934 
33 051 
33 124 
35 179 
29 747 
30 662 
32 371 
32 980 
35 271 
31 365 
31 884 
32 995 
33 548 
35 289 
April 
31 074 
32 204 
33 269 
34 002 
35 306 
31 363 
32 219 
33 268 
34 208 
35 322 
32 685 
33 354 
33 982 
34 228 
35 089 
32 992 
33 185 
33 579 
34 019 
34 659 
May 
30 623 
30 956 
32 084 
32 873 
9 
30 242 
31 266 
32 682 
34 287 
35 300 
31 201 
31 894 
33 800 
34 837 
35 221 
33 190 
33 648 
34 456 
35 172 
35 120 
June 
26 443 
27 868 
33 495 
33 909 
35 190 
30 976 
31 296 
31961 
33 901 
35 260 
30 727 
32 696 
33 548 
35 198 
35 344 
31200 
31 732 
34 593 
34 959 
35 285 
July 
29 361 
20 668* 
32 175 
33 069 
34 807 
28 358 
28 836 
32 046 
32 601 
34 794 
29 832 
31 970 
32 990 
34 348 
34 895 
30 862 
32 340 
34 491 
35 079 
34 912 
August 
31 700 
32 135 
33 633 
34 325 
35 043 
29 640 
30 120 
31 789 
33 606 
35 050 
29 886 
32 377 
33 508 
34 042 
34 992 
31 605 
31 568 
34 171 
34 815 
34 898 
Sept 
30 016 
32 366 
33 614 
34 758 
35 114 
31460 
31 812 
33 758 
34 472 
35 166 
31 305 
32 437 
34 271 
34 975 
35 183 
33 166 
33 864 
34 920 
35 159 
35 138 
Nov 
20 532 
30 815 
33 646 
34 177 
34 936 
27 864 
28 657 
30 122 
34 074 
35 009 
29 083 
31 430 
33 308 
34 930 
34 978 
30 622 
31 351 
34 277 
34 955 
34 633 
* possibly an analytic error, because no unusually large number of low salinity tolerant or fresh 
water phytoplankton was found in sample from this station 
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Figure 6 Surface salinities during 1974 (%o) 
The very low value measured at station 110 in July possibly concerns an analytic error, see also 
Table 2 
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The isohalines mostly run more or less parallel to the coast, the values increasing from the 
coast to the open sea 
The lowest values are found in June, July and November, in all three cases just north of 
the Nieuwe Waterweg - which discharges a considerable quantity of water from the river 
Rhine The Rhine water is pushed northward along the coast in a large arc by the residual 
current 
Comparison with mean values from 1905-1954 (DIETRICH, 1962) shows, that the 
overall pattern does not deviate significantly from other years 
Salinity, however, is connected with a number of other factors with possible influence on 
phytoplankton As salinity in a coastal area is indicative of the amount of freshwater 
influence, it is also indicative of the amount of pollution and nutrients associated with the 
freshwater flowing into the sea This also means that conclusions in this dissertation 
pertaining to any correlation between salinity and the phytoplankton do not say anything 
about a causal relationship between those two 
Table 3 Surface temperatures during 1974 in °C 
Station Month of the year 
nr 
T3 
T10 
T20 
T30 
T7Ü 
N3 
N10 
N20 
N30 
N70 
E3 
EH) 
E20 
E30 
Ь70 
C3 
CIO 
C20 
C30 
C70 
February 
7 
6 
? 
7 
8 
б ! 
6 
6 
7 
8 
6 
6 
6 
6 5 
7 
6 
6 
6 5 
6 5 
7 
• March 
7 5 
7 5 
7 5 
7 5 
8 
8 
7 5 
7 5 
7 5 
8 
7 5 
7 5 
7 5 
8 
8 
7 
7 2 
7 3 
7 5 
8 2 
April 
9 5 
9 
9 
9 
9 
9 5 
9 
9 
9 
9 
9 
9 
9 
9 
9 
8 5 
8 5 
9 
9 
9 
May 
13 5 
12 5 
12 5 
12 5 
11 
13 
12 5 
12 
12 
11 
12 
12 
12 
12 
11 
12 
12 
11 
11 
11 
June 
16 
16 
15 5 
15 
14 
17 
16 
16 
15 5 
14 5 
17 
16 5 
16 
15 5 
14 
16 
16 
15 5 
15 
14 
July 
17 5 
18 
17 
17 
16 
18 
18 
17 
17 
16 
17 
17 
17 
17 
16 
17 
17 
17 
16 5 
16 
August 
18 
18 
18 
18 
17 5 
19 5 
19 5 
19 
18 5 
175 
19 
19 
19 
19 
18 
19 
19 
18 5 
18 5 
18 
Sept 
18 
17 5 
17 5 
17 5 
17 
17 
17 
17 
17 
17 
17Ö 
17 
17 
17 
17 
17 
17 
17 
17 
17 
Nov 
9 
9 
10 
10 
10 5 
9 
9 
9 4 
10 
10 5 
9 1 
9 5 
9 8 
10 2 
10 8 
9 
9 5 
10 
10 1 
10 5 
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b. Water temperature (1974) 
Surface temperature shows some very clear phenomena First in winter the water near 
the coast is colder, and m summer the same area is warmer than the offshore water The 
change to the summer situation starts from the south, in the month of April An 
explanation can be found in several factors working in the same direction the distribution 
of air temperature, the influence of the ocean water coming through the English Channel 
(see also DREBES, 1974, and chapter 2 of this thesis), and the influence of the estuaries 
in the south-western Netherlands 
Those estuaries, some with a rather long residence time of the water, a sheltered 
situation, and large areas of intertidal flats, are somewhat colder in winter than the North 
Sea, but in spring they warm up faster and in summer they reach a temperature well above 
that of the North Sea 
Surface temperature never came beneath the value of February 6° С 
Table 3 shows the measured values 
с Depth (see Table 1) can be important, because in an area of turbulence and vertical 
mixing, bottom-dwelling species can be brought into suspension and even to the surface 
layer of the water, if the depth is not too large 
d. Wind direction and force was recorded because of the great influence of wind on 
movement of surface water and any kind of matter in it (see also chapter 7) Also the 
Langmuir circulation and its effect on plankton patchmess is well known (e g BARNES 
& HUGHES, 1982) 
e. Current direction and strength were recorded because they can strongly influence 
displacement of plankton patches - together with the wind 
f. Light (incident radiation/mean light intensity m the water column) and transparency 
(measured by Secchi disc visibility) were measured, с q calculated, as important regula­
ting parameters of primary production Also different phytoplankton species react diffe­
rently to light level and colour, which means that the available light in the water column 
can influence the composition of the community 
g. Oxygen was recorded as an indicator of primary production 
I will not present all measured values of these parameters in this thesis Most of them can 
be found in GIESKES & KRAAY (1975, 1977a) 
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5 The phytoplankton, qualitative aspects 
During this study 347 species were found. Still, I am certain that many species have 
remained unnoticed, partly because of their rarity, partly because of the difficulty to 
identify them. 
Among the smaller forms particularly, there are many more to be found, if a study is 
designed specially to that purpose (see e.g. THRONDSEN, 1969). But also large species 
like some Ceratium spp. may give problems in identification. There are many different 
forms and aberrations, partly to be attributed to different environmental conditions 
(HASLE and NORDLI, 1951; NORDLI, 1957). There is still much discussion possible 
about the question whether this or that form belongs to a species or to one of the lower 
taxa. 
Many authors use different classification criteria. Revisions of groups are constantly 
undertaken. Therefore, names of taxa used in this dissertation are only an indication of 
the classification as far as known to me on the moment of writing. 
For the systematics of the Bacillariophyceae I have mainly followed HENDEY (1964) 
and FOTT (1971); identifications were performed with the help of HUSTEDT (1930), 
DREBES (1974) and VAN DER WERFE and HULS (1957-1974). LEBOUR (1925) 
was used as a guide to the systematics and identification of Dinoflagellates. BUTCHER 
(1959; 1961; 1967) proved to be a good start for the identification of flagellates, together 
with THRONDSEN (1969; 1970; 1971; 1974). 
The checklist of PARKE and DIXON (third revision, 1976) was an important guideline 
to the systematics of most groups. Several other works were used. All are listed in the 
reference list, marked with an asterisk. 
Of the encountered species 163 were diatoms, 18 of which could not be identified with 
certainty. 106 were centric diatoms (5 uncertain) and 57 pennate diatoms (13 uncertain). 
133 Species were dinoflagellates (13 uncertain), and 51 species belonged to other groups 
(9 uncertain). 
The species listed below that were also found by VAN BREEMEN (1905) (often under 
other names) are marked with an asterisk. A question mark means, that I am not 
completely sure whether Van Breemen did also find the species. 
Numbered notes refer to the annotations on p. 41-50. 
Quantitative estimates are given by 3 symbols: · , φ and φ , meaning small, intermediate 
and large numbers, respectively, all relative to the maximum number found per species. 
This way, periodicity of each single species is presented better than when using the 
symbols for all species in the same way and meaning: rare, common and abundant (or 
dominant). 
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SPECIES LIST 
CYANOPHYCEAE 
CHROOCOCCALES 
Chroococcaceae 
Chroococcus spec 
Menimopedia spec, (div 9 ) 1 
Marssomella elegans Lemmermann 
NOSTOCALES 
Oscillatoriaceae 
Lyngbya spec 2 
Oscillatoria spec. 
Nostocaceae 
Anabaena spec 
1 
1 
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о 
C O T f ^ i n ^ r ^ Г ^ О ^ Г Г З О Г ^ τ τ ' - C O C M Í O i n C D 
C M C M ^ C M c v j C M ' - ' - C M ^ - ' - ^ С М с м ^ С М ^ - ' -
· · · 
• · 
· · 
• · 
CRYPTOPHYCEAE 
Cryptomonadaceae 
Cryptomonas spec. 
Rhodomonas spec 1 
· · · · · · < > · · 
DINOPHYCEAE 
PROROCENTRALES 
Prorocentraceae 
Exuviella marina Cienkowsky 
Mewporus perforatus (Gran) Lilhck 
Prorocentrum aporum (J Schiller) Lilhck 
Ρ balneum (Lohmann) Loeblich III4 
Ρ compressum (Bailey) Abé ex Dodge 
P. micans Ehrcnberg4 
P. redfieldn Bursa 
Ρ scutellum Schroder 
• · · · · 
· · · · · · 
• · · · · · · 
· · · · · · · · · · 
• · · · · 
• · · · · · · · · · · · 
· · · · 
DINOPHYSIALES 
Dinophysiaceae 
Dinophysis acuminata Claparède et Lachmann6 
D acuta Ehrenberg6 
D irregularis (Lebour) Balech7 
D lenticula Pavillard 
D. ovum Schutt 
D. punctata Jorgensen 
D rotundata Claparède et Lachmann7 · 
D div. spec 
• · · 
• · · · · 
• · 
• · · ' 
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Gymnodiniaceae 
Amphidinium crassum Lohmann · · 
A. herdmaniae Kofoid et Swezy · · 
A. klebsii Kofoid et Swezy · · · 
A. longum Lohmann · 
A. sphénoïdes Wulff* · · · · · 
A. vitreum С. Herdman · 
A. div. spec. · · · · · · · · · · 
Cochlodinium helicoides Lebour · · · · · · · 
C. helix (Pouchet) Lemmermann · · · · · · · · · · 
C. pulchellum Lebour · 
C. vinctum Kofoid et Swezy · · · · 
C. div. spec.9 · · · · · 
Gymnodinium abbreviatum Kofoid et Swezy · 
G. achromaticum Lebour · 
G. conicum Kofoid et Swezy · · · · 
G. filum Lebour* · 
G. heterostriatum Kofoid et Swezy1" · 
G. hyalinum Lebour10 · 
G. lebouriae Pavillard · 
G. lohmannii Paulsen · · · · · · · 
G. marinum Kent · · · · · · 
G. rhomboïdes Schutt1" · · 
G. simplex (Lohmann) Kofoid et Swezy · · · · · · # · · · · · · · · # · · 
G. splendens Lebour · 
G. div. spec. · · · · · · · # · · · · · · · # · · · 
Gyrodinium britannicum Kofoid et Swezy · · · 
G. calyptoglyphe Lebour · · · 
G. cf. lachryma (Meunier) Kofoid et Swezy · · · · 
G. obtusum (Schutt) Kofoid et Swezy · 
G. opimum (Schutt) Lebour · 
G. spirale (Bergh) Kofoid et Swezy · 
G. spec, (div.?) · · · · · · · · · · · · · · · · · · 
Torodinium robustum Kofoid et Swezy · · · · 
Unidentified species11 · · · · · · · # · · · · · · · · · · # 
a · · · · · · · · · · · · · · · 
b · · · · · · 
Warnowiaceae 
Nematodinium armatum (Dogiel) Kofoid et Swezy · · · · · 
Warnowia effusus (Schutt) Lindemann12 · · 
W. div. spec.'3 · 
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Polykrikaceae 
Polyknkos lebounae С Herdman 
Ρ schwartzii Butschh 
С м т г Ю Ю г ^ С О С П ^ С М С Э С О с О ^ ^ т г і Л і Л С Т І 
• · · · 
Pronoctilucaceae 
Oxyrrhis manna Dujardin 
Lophodiniaceae 
Katodimum glaucum (Lebour) Loeblich III 
К rotundatum (Lohmann) Loeblich \IV* 
К spec ,5 
• · 
· · · ·· 
• · 
······ 
··· ····· 
• · # · · · · 
·· · · · · · 
NOCTILUCALES 
Noctilucaceae 
Noctiluca scintillans (McCartney) Ehrenberg" 
· · · · · · · 
PYROCYSTALES 
Pyrocystaceae 
Dissodimum pseudolunula Swift17 
• β · · · · · 
PERIDINIALLS 
Peridiniaceae 
Diplopeltopsii minor (Paulsen) Pavillard'8 ι 
Diplopsalis lenticula Bergh1",19 
Diplopsalopsis orbicularis (Paulsen) Meunier1" ι 
Dissodium asymmetncum (Mangin) Loeblich III18,2" 
Glenodimum gymnodimum Penard21 
Heterocapsa tnquetra (Ehrenberg) Stein22 
Oblea rotunda (Lebour) Balech ex Sournia23 
Protoperidinium achromaticum (Levander) Balech 
Ρ bipcs (Paulsen) Balech 
Ρ brevipes (Paulsen) Balech 
Ρ cerasus (Pauben) Balech ι 
Ρ claudicans (Paulsen) Balech 
Ρ comcoides (Paulsen) Balech 
Ρ conicum (Gran) Balech 
Ρ depressum (Bailey) Balech 
Ρ diabolum (Cleve) Balech24 
Ρ divergens (Ehrenberg) Balech 
Ρ excentneum (Paulsen) Balech 
Ρ granii (Ostenfeld) Balech · 
Ρ leonis (Pavillard) Balech · · · · · · · · 
• · · · · 
• · · · 
• · · · · 
• · 
· · · · 
• · · · 
• · · 
• · · · 
• · · 
• · 
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P. mite (Pavillard) Balech 
P. minutum (Kofoid) Loeblich III2,1 
P. oblongum (Aurivillius) Parke et Dodge 
P. obtusum (Karsten) Parke et Dodge 
P. ovatum Pouchet 
P. pallidum (Ostenfeld) Balech 
P. pellucidum Bergh 
P. pentagonum (Gran) Balech 
P. punctulatum (Paulsen) Balech 
P. pyriforme (Paulsen) Balech 
P. quarnerense (Schrder) Balech 
P. steinii (Jörgensen) Balech 
P. subcurvipes (Lebour) Balech 
P. subinerme (Paulsen) Loeblich III 
P. thorianum (Paulsen) Balech 
P. spec.26 
P. div. spec. 
• · 
• · · · · · · · · · , · · · · · · 
• · · · · 
• · · · · 
· · · · · · · · 
Calciodinellidaceae 
Scripsiella faeroense (Paulsen) Balech ct Scares27 · 
S. trochoidea (Stein) Loeblich III28 · · ι 
· · 
Gonyaulacaceae 
Gonyaulax digitalis (Pouchet) Kofoid (cysts only)24 
G. grindleyi Reinecke10 
? G. orientalis Lindemann11 
G. polygramma Stein 
G. spinifera (Claparède et Lachmann) Diesing 
G. unicornis Lebour32 
G. cf. catenata (Levander) Kofoid 
· · · 
• · 
Ceratiaceae 
* Ceratium furca (Ehrenberg) Claparède et Lachmann · · · · · 
* C. fusus (Ehrenberg) Dujardin · · · # · · · 
* С horridum (Clevc) Gran13 · · · · · · 
* C. lineatum (Ehrenberg) Cleve · · · · · · · 
* C. macroceros (Ehrenberg) Vanhöffen · · 
* С tripos (O.F. Mller) Nitzsch14 · · 
С. tripos var. atlantica Ostenfeld (mainly fo. · · 
neglecta Ostenfeld)14 
C. tripos var. baltica Schutt fo. subsalsa Ostenfeld14 · 
• · · · ν 
• · · 
· · 
· · · · · · 
• 
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Cladopyxidaceae 
Micracanthodinium setiferum (Lohmann) Deflandre"· · 
Podolampadaceae 
Blepharocysta splendor-maris (Ehrenberg) Stein · 
BLASTODINIALES 
Oodiniaceae 
Oodinium pouchetii (Lemmermann) Chatton-16 
Cysts of several species1 
• · · 
HAPTOPHYCEAE 
ISOCHRYSIDALES 
Gephyrocapsaceae 
Emiliania huxleyi (Lohmann) Hay et Mohler18 
· · · · · · · · 
COCCOSPHAERALES 
Pontosphaeraceae 
Pontosphaera spec. 
Rhabdosphaeraceae 
Rhabdosphaera stylifer Lohmann 
R. spec. • · • · · · · • · 
PRYMNESIALES 
Phaeocystaccae 
* Phaeocystis pouchetii (Hariot) Lagerhcim'"' 
Coccosphaera atlantica Lohmann 
• · · · · · · · · < 
EUGLENOPHYCEAE 
Eutreptiaceae 
cf. Eutreptiella marina Da Cunha4" 
Euglenaceae 
Phacus triqueter (Ehrenberg) Dujardin 
P. spec. 
CHLOROPHYTA 
PRASINOPHYCEAE 
PYRAMIMONADALES 
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Nephroselmidaceae 
Pyramimonas grossa Parke41 
P. div. spec.41 
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Halosphaeraceae 
Halosphaera cf. viridis Schmitz42 
CHLOROPHYCEAE41 
CHLOROCOCCALES 
Oocystaceae 
Oocystis spec. 
Kirchneriella lunaris (Kirchner) Moebius 
К cf. elongata G.M. Smith 
К. div. spec.44 
• · 
• · < 
Scenedesmaceae 
Scenedesmus div. spec.45 · · ι 
Crucigenia emarginata Chodat · 
C. tetrapedia (Kirchner) W. et G.S. West 
С. spec. 
Tetrastrum staurogeniaeforme (Schröder) Lemmermann · · 
Coelastrum cf. microporum Nägeli · · ι 
• • И 
Ankistrodesmaceae 
Ankistrodesmus falcatus (Corda) Ralfs41 
Selenastrum gracile Reinsch • · · · < · · · · · · · · 
Hydrodictyaceae 
Pediastrum duplex Meyen 
P. tetras (Ehrenberg) Ralfs4 
P. div. spec. 
CONJUGATOPHYCEAE 
DESMIDIALES 
Desmidiaceae 
Cosmarium spec. 
Diverse taxa 
Micro-algae48 
CHRYSOPHYCEAE 
CHROMULINALES 
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Pedinellaceae 
Apedinella spinifera (Throndsen) Throndsen49 
Aurosphaeraceae 
Menngosphaera mediterranea Lohmann · · 
Pseudopedinella spec ч ' · · · · · 
DICTYOCHALES 
Dictyochaceae 
* Dictyocha fibula Ehrenberg · 
* Distephanus speculum (Ehrenberg) Haeckel · · · · φ · · 
* Ebria tripartita (Schumacher) Lemmermann" « · · · 
BACILLARIOPHYCEAE 
CENTRALES 
Coscinodiscaceae 
Melosira binderana Kutzing · · 
M granulata (Ehrenberg) Ralfs ^  · · · · · · · · · · · · · 
M granulata var angustissima O F Muller" · · · · · · 
M italica (Ehrenberg) Kutzing12 · · 
M moniliformis (Muller) С Agardh ρ · 
M nummuloides (Dillwyn) С Agardh · · 
M sulcata (Ehrenberg) Kutzing · · · · · · · · · · · · · · · · · · · 
M varians С Agardh" · 
M westii W Smith · 
Porosira glacialis (Grunow) Jorgensen · 
Podosira stelliger (Bailey) Mann · · · · · · · · · · · · · · · · · 
Hyalodiscus scoticus (Kutzing) Grunow · · · · · 
Stephanopyxis turns (Greville et Arnott) Ralfs · · · · · · · 
Sceletonema costatum (Greville) Cleve4 · · · · · · · · · · · · · · · · 
Thalassiosira baltica (Grunow) Ostenfeld · 
Τ decipiens (Grunow) Jorgensen^ · · · · · · · · · · · · · · · · · · 
Τ fallax Meunier · · · 
Τ gravida Cleve · · · · · 
Τ hyalina (Grunow) Gran · · · · · · 
Τ cf minima Gaarder · · · · · · · · · · 
Τ nordenskjoldi Cleve · · · · · · · 
Τ oestrupn (Ostenfeld) Gran · · · 
Τ rotula Meunier · · · · · · · · · · · · · 
Τ subtilis (Ostenfeld) Gran · 
Τ spec · 
Cydotella meneghiniana Kutzing · · · · · · · · · 
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C. striata (Kützing) Grunow
 β
 φ
 9 « β 
С. spec. · · · · 
Stephanodiscus spec. » 
Coscinodiscus asteromphalus Ehren berg « 
* C. centralis Ehrenberg · · · · · · · · · · · 
* С. concinnus W. Smith'6
 a a
 · · · · · · · · 
* C. excentricus Ehrenberg · · 
С. excentricus var. fasciola Hustedt · · · · · · · · · · 
С. lineatus Grunow · · 
С. lineatus var. irregularis Hustedt · · · · · · · · · · · · · · · · · 
* C. radiatus Ehrenberg « 
С. div. spec.57 · · · · · · · · · · · · · · · · 
Arachnoidiscaceae 
* Actinoptychus undulatus (Bailey) Ralfs · · · · · · · · · · · · · · · · 
* A. splendens (Shadbolt) Ralfs · · · 
Eupodiscaceae 
* Aulacodiscus argus (Ehrenberg) A. Schmidt
 9 , , 
Ropería tessellata (Roper) Grunow « · · 
Actinocyclus ehrenbergii Ralfs « « 
Rhizosoleniaceae 
Bacterosira fragilis Gran « « 
Corethron hystrix Hensen 
* Lauderia borealis Gran38 · · · · · 
Schroederella schroederi (Bergon) Pavillard59 
S. setigera (Peragallo) Pavillard 
Detonula confervacea (Cleve) Gran « 
* Leptocylindrus danicus Cleve * · # · 
L. minimus Gran · · · 
* Guinardia flaccida (Castracanc) Peragallo · · · · · 
· · · · · · · · · 
• · · · · · · · 
• · · · · · · · · 
* Rhizosolenia delicatula Cleve · · · # · · · · · · · · Φ 
* R. fragillissima Bergon · · · · · · · · 
* R. hebetata fo. scmispina Bailey · « · · · # · · · · · · · · · · · · 
* R. imbricata Brightwell var. shrubsolei (Cleve) · · · · # · · · · · · · · · 
Schröder 
R. pungens Cleve Φ
 a # φ φ 
* R. setigera Brightwell φ
 0 , , a 
* R. stolterfothii Peragallo · · · · · · · · · · · · · · · 
* R. styliformis Brightwell « 
R. robusta Norman
 # φ 
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Chaetoceraceae 
Bactenastrum hyalinum Lauder 
В hyalinum var princeps (Castracane) Ikan 
Chaetoceros boreahs Bailey 
Ch brevis Schutt 
Ch ceratosporum Ostenfeld 
Ch compressus Lauder 
Ch contortus Schutt 
Ch curvisetus Cleve 
Ch damcus Cleve 
Ch debihs Cleve 
Ch densus Cleve 
Ch didymus Ehrenberg 
Ch eibenu (Grunow) Meunier 
Ch gracilis Schutt 
Ch holsaticus Schutt 
Ch radians Schutt 
Ch simplex Ostenfeld 
Ch simplex var calcitrans Husledt 
Ch socialis Lauder 
Ch subtihs Cleve 
Ch teres Cleve 
Ch tortissimus Gran 
Ch div spec M 
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• · · 
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• · 
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• · · 
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• 
· · • 
• · 
• · 
• · · · · · · · · · 
· · 
> · · · · · · · 
Biddulphiaceae 
* Eucampia zoodiacus Ehrcnberg 
* Streptotheca thamesis Shrubsole 
* Bellerochea malleus (Brightwell) Van Heurck 
* Ditylum brightwelln (T West) Grunow 
* Lithodesmium undulatum Ehrenberg 
* Inceratium alternans Bailey 
* Τ favus Ehrenberg 
* Odontella aunta (Lyngbyc) С Agardh 
О aunta var minima Grunow 
* О granulata Roper 
* O mobiliensis (Bailey) Grunow 
О regia (Schultze) Simonsen 
* О rhombus (Ehrenberg) Kutzing 
* O sinensis (Greville) Grunow 
* Cerataulma bergomi var lata Cleve 
С bergomi var elongata Schroder61 
Cerataulus smithii Ralfs 
• · · 
• · · 
• · 
• · 
• · · 
• · 
· · · · 
• · 
• · 
· · · 
• · 
• · · · 
• 
• 
• 
• · 
• 
• 
· · 
• 
• 
• 
• 
• 
• 
• · 
• 
• · < 
• · 
• · 
· · 
• 
• · · 
• · 
• 
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• · · · · · · 
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· · i 
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• · 4 
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PENNALES 
Fragillariaceae 
Rhabdonema spec Φ 
* Licmophora spec · · · · · · 
Plagiogramma brockmannn Hustedt · · · · · · · # · · · · · · · · · 
Ρ leve (Gregory) Ralfs · · · 
Ρ vanheurcku Grunow 9 · · · · · · · · · · · · · 
Ρ div spec · · · 
Dimerogramma minor (Gregory) Ralfs · · · · · · · · · 
Cymatosira belgica Grunow · · · · · • · Φ · · · · · · · · · · · 
Campylosira cymbelliformis (A Schmidt) Grunow » % « 
9
 Fragdlana div spec · · · · · · 
9
 F pinnata var trigona (Brun et Hribaud) Hustedt · · 
Rhaphoneis amphiceros Ehrenberg · · · · · · · · · · · · · · · · · • · 
R sunrelld (Ehrenbcrg) Grunow · · · · · · · · · · · 
Synedra spec · « · · 
* Thalassionema nitzschioides Grunow · · · · # · · · · · · · · · 
* Thalassiothrix frauenfeldi Grunow · · · · 
Astenonella formosa Hassall62 · · · · · · · · · 
A formosa var acaroides Lemmcrmann*1 · 
* A gldcialis Castracane61 · · · · · · · · · · · · · · 
* A kariana Grunow · · · · · 
Eunotiaceae 
Eunotia spec 64 · 
Achnanthaceae 
Cocconeis spec 
· · · · · · · · · 
Naviculaceae 
Diploneis aestuarn Hustedt 
D div spec 
* Stauroneis membranacea (Cleve) Hustedt 
Navícula distans (W Smith) A Schmidt'" 
N div spec ^ 
Trachyneis aspera (Ehrenberg) Cleve 
Gyrosigma fasciola W Smith 
Pleurosigma affine Grunow 
Ρ 'affine small"67 
Ρ angulatum (Quekett) W Smith 
Ρ planctonicum Simonsen6* 
Ρ div spec 
• • · · · · · 
• · · · · 
• Φ · · · · · · · · · · · Φ 9 · · 
· · · · · · · · · 
· · · · · · · · · · · 
• · · · 
· · · · · · · · · · · · · · · · · · 
· · · · · · · · · · · · · · · · 
· · · · · 
• 
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Amphora spec. · 
Cymbella spec. · 
Nitzschiaceae 
* Bac¿//anapaxillifer(O.F. Müller) Hendey · · · · · · · · · 
* Nitzschia closterium (Ehrenberg) W. Smith64 · · · · · · · · · · · · · · · · · · · 
* N. delicatissima Cleve · · · · · · · · · 
N. panduriformis Gregory · · 
* N. sedata Cleve70 · · · · · · · · · · · · · · 
N. sigma (Kützing) W. Smith · · · · · · · · · · · 
N. spec. · · 
Pennales non determinata · · · · · · · · · · · · · · · · · · · 
Annotations 
1. Species of this genus are.known to be very salt-tolerant. In the present investigation a large 
part of the specimens was found in samples from station C7(), being 70 km from the coast off 
Den Helder. The cells always looked healthy. 
2. Threads were counted, not cells. 
3. See appendix nr. 2, photograph nr. 2.0. Not in the check-list of PARKE & DIXON (1976). 
Very much like Rhodomonas gracilis J. Schiller. 
4. According to LOEBl.ICH III (1969) all Exuviella species with special flagella pores should be 
brought under the genus Prorocentrum. This would leave only Exuviella marina in the genus 
Exuviella - that is, of the species found during this investigation. 
5. One of the potentially toxic red tide organisms. 
6. Dinophvsis acuta and D. acuminata are sometimes very difficult to distinguish. According to 
my observations, neither size, nor possession of spines can be used as criteria for identifica-
tion. As to general form, this should not be the only characteristic used, because that would 
increase the danger of confusing D. acuta with D. norvegica Claparède et Lachmann. SO-
LUM (1962) studied a whole range of forms found within this species, and found that the 
species from one location were mostly well distinguishable .while variations between locations 
were considerable. It proved to be not possible to correlate these variations with variations in 
temperature and salinity. 
7. These two species formerly belonged to the genus Phalacroma Stein, which now seems to have 
ceased its existence. However, many authors, including myself, apparently are not sure 
whether this is correct. The synonyms are always given, and often explanatory notes are 
included. Body shape and size of girdle-lists have been distinguishing features between the two 
groups, but observations in cultures have shown several species to be rather variable (e.g. 
SOLUM, 1962). 
8. These two species might be identical. As a matter of fact Amphidinium herdmaniae, A. 
longum andÂ klebsii need further investigation (as might several other species of this genus) 
to confirm the present classification. 
A. sphénoïdes is not a rare species. It is possible that it is identical with a not identified form 
mentioned by Drebes (1974) and shown to be ectoparasitic on Chaetoceros eibenit. A check 
should be made of contemporary findings of host and possible parasite (the latter in free-living 
situation). During my survey they only incidentally occurred together. 
Not in the check-list of PARKE & DÍXON (1976). 
9. Among them one of 80 m in length. 
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10 According to FLBRACHThR (197^) Gymnodmium hvalmum and G rhomboïdes and some 
other Gymnodmium species not found by me, must be included in G heterounamm, which is a 
very variable species 
11 See appendix 2, drawing nr 9 resp 10 The latter probably a dinofldgellate spore 
12 Described by LEBOUR (1925) as Pouiheua/usus Schutt 
13 According to DREBES (1974) the svstcmatics of the representatives of this genus in the North 
Sea are still greatly unknown I have not tried to attach names to the few individuals found 
during my investigation 
14 Very small and variable species Classification has been difficult THRONDSEN (1969) gave 
a good summary of taxonomy and distribution Syn Amphidimum rotundatum Lohmann 
(PARKE & DIXON, 1976, mentioning SOURNIA, 1973) 
15 See appendix 2 photograph nr 2 19 
16 Syn Noctiluca miliaris Suriray 
17 I always counted the number of cysts, not spores As synonyms are stated Pyroc\stis lunula 
Apstein, and Gymnodmium lunula Dogiel (incl var globosa) Pyrocvsiis lunula (Schutt) 
Schutt is another, subtropical and phototrophic species (DREBES, 1974) 
The species is thought to have at least a parasitic stage during its life cycle, although no host has 
been identified yet 
I agree with SWIFT (1973) that Dissodtnium pseudolunula may be the best name for the 
species found in the Southern Bight The connection with Gvmnodimum has been suggested 
by the appearance of the dinospores, but the life cycle is atypical enough to place it into 
another genus 
18 These four species are difficult to distinguish This is often taken as a reason not to do so and 
to call them all Diplopsalis lenticula It is my opinion, however, that DREBES (1974) 
statement, that those species could be distinguished with certaintv only by their plate formula, 
is not entirely correct Form and orientation of the spine, and general symmetry of the cell are 
important characteristics, too Diplopellopsts minor has not been recorded by PARKE & 
DIXON (1976) 
19 Syn Dissodium lennculum (Bergh) Loeblich 111 
20 Syn Pendiniopsis asymmetnea Mangin 
21 Encountered only once with certainty, on 19-8-1976, station PI 
22 Syn Pendmium tnquetrum (Ehrenberg) Stem 
23 Syn Pendiniopsis rotunda Lebour 
24 Not found before 19-8-1976 during my investigation 
25 Syn Pendmium monospmum Paulsen Characteristic spine sometimes lacking According to 
DREBES (1974) two more antapical spines can sometimes be present See appendix 2 
photograph nr 2 28 
26 Much like Protopendmium steinu, (Jorgensen) Balech but with rounder 'body' Encountered 
once, in September 1975, station 18 See appendix 2, drawing nr 18 
27 Svn Pendmium faeroense Paulsen 
28 Much like Scnpsiella faeroense The systematical place of 5 trochoidea is not altogether 
certain BRAARUD (1958) described the behaviour in culture and found some features in 
fission unusual to armoured dinoflagellates The species of this genus appear to be capable of 
effecting primary calcification in the cyst phase (WALL & DALE, \9βΗΛ) 
29 S ARJbANT (1974) has illustrated the life cycle of this species, and given illustrations of many 
fossil and recent cysts of dinoflagellates See also appendix 2, photographs nrs 2 37-39 
Like in many species and genera of the Pendimales, taxonomy and nomenclature of fossil and 
recent forms still need a lot of attention 
30 Syn Protoceratium reticulatum (Claparede et Lachmann) Butschli 
31 Taxonomie position not entirely clear 
32 Encountered only once, on the June cruise of 1975 
33 Including Ceratium batavum Paulsen (see J0RGENSEN, 1911 and NORDLI, 1957) See 
appendix 2, photograph nr 2 44 
DREBES (1974) mentions the frequent ocuurence of С bataxum Paulsen in the Nordsylter 
Wattenmeer, including transitions to Ceratium horndum I found such transitions, too I have, 
further on, taken С intermedium (Jorgensen) Jorgensen as being identical to С horndum as 
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it was not possible to distinguish between them properly with any of the characteristics given in 
the literature The two species may be conspecific, although this may be hard to establish, 
because of the variability in shape PARKE & DIXON (1976) have also included С interme­
dium in С horndum 
34 The systematics of this species, perhaps the best known of the genus, are not altogether clear, 
and perhaps the most difficult of all the Ceratium species Size of cell body, sculpturing of the 
armour and length and orientation of the horns with respect to the cell body are used to 
distinguish several form groups It seems, however, that there are many transitions between 
those form groups 
Aberrations occurring often in cultures, were studied by HASLE & NORDLI ( W l ) Their 
conclusions, however, give little or no hold in trying to establish a better defined Ceratium 
tripos and variations, because these aberrations are seldom found in nature 
35 Although the occurrence of the species in British waters was doubted by PARKE & DIXON 
(1968), mentioning HALLDAL(1953), because of uncertain identification, the third revision 
of the check-list (PARKE & DIXON, 1976) includes it without restriction My own identifica­
tion was also quite positive The species is rare in the Southern Bight 
36 According to DREBES (1974) this species can occur as an ectoparasite on the planctonic 
tumcates Oikopleura dioica Fol and Fritillaria borealis Lohmann I have never found it this 
way 
37 See appendix 2, drawing nr 11, and photographs nrs 1 27-28 Probably Tintinmd cysts 
38 Relationships with other coccohthophonds are not yet very clear 
The species shows some interesting features in its lite cycle, and in the way of scale formation 
(KLAVENESS, 1972a, 1972b) 
39 The colony form was mostly destroyed in the Lugol solution, probably by solution of the 
matrix material, although handling may have played a role too Therefore, it was often not 
possible to distinguish between young (intact) and old (disintegrated) colonics 
Blooms of this species dominate large parts of the Southern Bight and its tributaries in early 
spring each year It is reported to be potentially toxic, and can cause sickness and disease in 
man via ingestion of mussels (Mytilus edulis L ) 
Blooms can be so intense, that herring migration routes are diverted (SAVAGE, 1930) 
40 Sometimes occurring m considerable numbers DE PAUW (1972) found this species in 
Belgian coastal waters too 
41 During 1974 Pyramimonas species were found, but owing to their limited occurrence they 
were not treated separately, but included in the group of micro-algae 
42 On the June cruise of 1975, station nr 18, a cell with chlorophyll was found On all other 
occasions observations concerned only empty thecae 
43 Many of the following species are fresh water species Their occurrence in the sea at least 
indicates some inflow of fresh water 
44 Among others, cells like Kirchnenella contorta (Schmidle) Bohhn were encountered, but 
there was not enough material for a positive identification 
45 At least 5 forms and/or species were found They were not identified to the species, as the 
systematics are difficult, the forms are variable and influenced by environmental factors to a 
considerable degree (see с g MUR, 1973) I never found them in large numbers 
46 Including at least 3 other taxonomie entities, namely Α ηkistrodestnus falcatus var mirabilis fo 
dulcís (Playford) Nygaard, A falcatus var sefz/orm/cNygaardand/l convolutus Corda They 
were not separated from the 'central' form, however, because of the uncertain systematics and 
because of the possible influence of environmental factors on growth forms in this group 
47 In July 1975 colonies were observed with in the centre cells of Pediastrum tetras (Ehrenberg) 
Ralfs, but on the edge cells identical to those of Ρ biradiatum Meyen 
48 Probably mostly Chrysophyceae and Haptophyceae See appendix 2, drawings nrs 1-6 Comp 
also THRONDSEN (1969), who identified 79 microflagellate species from Norwegian coastal 
waters, a similar investigation in the Southern Bight should produce at least a similar number 
of microflagellate species 
49 Spines like THRONDSEN (1971) describes were not observed by me, but I assume that they 
can easily be broken off by the handling and fixation of the samples 
50 See appendix 2, photographs nr 2 48-49 Much like Pseudopedinella pynformis N Carter 
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Probably a new species and possibly identical with the one isolated from the Ostende harbour 
(Belgium) by MOMMAERTS (pers comm ) in 1972 
The species has also often been found in the Southern Bight by Mrs KAT (pers comm , and 
1977) 
51 Besides cells in which the skeleton was well visible, cells without a visible skeleton were 
observed too Their physiological state was not evident, though Skeletons without cell 
material were also found, although there was a chance that cell material had disappeared by 
dissolution by the fixative, skeletons were not counted, only taken as evidence of the presence 
of the species 
Ebria tripartita is reported to be heterotroph and feeding on the diatom Sceletonema costatum 
(see DRbBES, 1974, mentioning VON STOSCH, pers comm ) During my investigation I 
found no evidence of such a relationship - in terms of clearly joint occurrence, but Ebria 
tnpatita was only found in very small numbers 
According to L ObBLICH 111 (1969) the species should be transferred to the Pendmiales, class 
Ebnophyceae 
The species is not recorded in the check-list of PARKE & DIXON of 1976, nor is the class 
Ebnophyceae 
52 These species are typical of fresh water or slightly brackish water Their occurrence in marine 
plankton may indicate fresh water inflow 
53 The fact that in the second year of the investigation var angustissima was not found may 
indicate an incorrect identification in the first vear But it is also possible that the numbers 
were too small to be detected with the 250 ml bottles used in 1975 
54 Although characterized as being a marine species, Sceletonema costatum can thrive in salinities 
as low as 6% (DE PAUW, 1975) 
It occurs mainly in the colder season In the study area March, April and May were the most 
important months for this species, which appeared to occur characteristically in the area just 
north of the mouth of the Rhine, with the lowest salinities of the study area 
55 When chains had fallen apart, it was sometimes very difficult or even impossible to distinguish 
this species from some small Coscinodiscus specter 
56 Coscmodficus grami Gough is considered by HOLMES & RIEM ANN (1966) to be a special 
form of С concmnus BOALCH (1970), however, concluded that the two species are clearly 
distinct 
I only rarely found С grami with certainty Seen in valve view, it is difficult to distinguish from 
С concmnus I therefore think that С grami may occur more frequently m the study area than 
I found it Because of this uncertainty, I have not included the species separately in the list 
DREBES (1974) distinguishes a 'major' form (diam 100-400 m), and states that it occurs in 
large numbers in the southern North Sea (probably meaning particularly the Helgoland 
waters), and a 'minor' form (40-200 m) occurring particularly in the English Channel, further 
occurring more rarely and m the colder season VAN BREFMEN (1905) called С grami the 
nentic counterpart of the oceanic С concmnus 
57 Very probably also including Thalassiostra cells found single and without their connecting 
thread (see also ann nr 62) 
58 Very variable species In winter, it may be confused with Porosira glaaahs, in summer it may 
look very much like Schroederella schroeden or sometimes 7halassiostra decipiens Moreover, 
according to DREBES (1974), Laudena borealis and Schroederella schoeden often occur 
together I found them together only in August and September 1974 Beyond that period, I 
found S schroeden only in November 1974 and during the first cruise in 1975 
Drebes also states, that Laudena borealis and Ceratauhna bergonu are often confused In the 
Southern Bight they are well distinguished 
59 Nomenclature is not quite clear for this species Following HUSTEDT (1930) it should 
probably be called 5 dehcatula (Peragallo) Pavillard But VAN DER WhRFF & HULS 
(1957-1974) give that name to a significantly different species 
60 These probably include Chaetoceros diadema (Ehrenberg) Gran, Ch ermitas Schutt, and 
several other species 
61 Var mentioned by CLEVE-EULER (1951-1955) It was first seen in my samples in February 
1974, and later on photographed (see appendix 2, photographs nrs 2 68-72 In the area it was 
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found by Kat in September 1974 and September 1975 (KAT, 1977). 
С. bergonii var. lata can be characterized as an oceanic coastal taxon, while C. bergonu var. 
elongata occurs more specifically in border seas like the Baltic Sea 
In Swedish and Finnish waters, the latter taxon dominates strongly over the former. In the 
Kattegat it is endogenetic, with a maximum in October/November, and a smaller peak in 
spring. In Dutch coastal waters C. bergonii var lata is the more regular form of the two. 
Probably oceanic influence (from the English Channel as well as from Scottish waters) 
accounts for this fact. 
C. bergonu var. elongata shows a strong resemblance to Leptocylindrus danicus (see appendix 
2, photograph 2.73). The two species can be distinguished by the looseness of the chains, and 
by the valve processes that Cerataulma has and Leptocylindrus does not have. Those proces­
ses, however, are sometimes difficult to distinguish. In case of uncertainty, a phase contrast 
microscope can be very helpful. 
Cleve-Euler (op cit.) also states, that Leptocylindrus danicus (eurytherm, but stenohaline) is 
characteristic for the northern Kattegat; further south it occurs more rarely and it does not 
penetrate the Baltic. It has a salinity optimum at 31.8%», while C. bergonu var elongata grows 
best at 18.9%o. 
Temperature optima for both species are 8.6° and 14 °C, respectively. Leptocylindrus danicus 
has its maximum in the Kattegat in April. The - living - cells are reported to sink to the bottom 
after this maximum. 
According to HUSTEDT (1930) C. bergonii var. lata and elongata are only growth forms of 
Cerataulma bergonii, which would mean that they cannot be kept in existence as taxa. The 
observations by Cleve-Euler, however, characterize them as geographically and environmen­
tally distinguishable forms. 
62. Fresh water taxa They also occur in fresher parts of estuaries. 
Can cause water blooms. Can be used as a tracer for inflow of fresh water into the sea. 
63. Syn.: Astenonella japónica Cleve et Moller. 
64. This genus contains only fresh water and brackish water species. 
65. See appendix 2, photograph nr. 80. According to VAN DER WERFF & HULS (1957-1974) 
this species occurs only rarely in the North Sea. I did not find (recognize?) it in 1974, but in 
1975 it was collected during nearly all cruises. 
66. Many species of the genus Navícula are essentially benthic or sessile on algae, etc. They occur 
in the water column as 'tycho-plankton', brought into suspension together with sediment 
particles and detritus by waves and currents, mostly in the coastal zone. The species are often 
small, and need very careful observation to identify them. Although they were present during 
most cruises, their numbers were never large. Therefore, I have treated them as one taxon. 
67. I could not identify this species with certainty. It is very much like Pleurosigma affine, but 
smaller. 
It occurred throughout my investigation in small to moderate numbers. See appendix 2, 
photographs nr. 2.82-83. 
68. See appendix 2, photograph nr. 2 85-87. 
This exceptionally large species (length 350-400 m) was described by Simonsen from the 
Indian Ocean (SIMONSEN, 1974). In Europe it was first found in 1966 near the island of 
Ouessant, north-west France, but not immediately identified. Later, it was found near 
Plymouth in 1972, 1973 and 1974, where it was then the dominant species in the net phytop-
lankton (BOALCH & HARBOUR, 1977). 
From there it has spread through the English Channel and along the Dutch coast. KAT (1982) 
described the species as occurring along the Dutch coast in November 1974. She nor I have 
found the species since then m this area. 
The species has very characteristic chloroplasts. 
My specimens showed a more sigmoid shape than those of Boalch and Harbour and those of 
Simonsen, but nevertheless I am convinced it was the same species. 
69. Including var. longisuma sensu MEUNIF.R (1915), which is also regarded as a separate 
species: Nitzschia longissima (Brébisson) Ralfs. It is, however, often indistinguishable from 
N. clostenum (Ehrenberg) W Smith s.s See also DREBES (1974). 
70. Possibly including Nitzschia pungens Grunow. See also HASLE (1972). 
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List of rare taxa; identification not always certain. 
Most of these species were encountered only once, so they do not play any part of 
importance in the total picture. Many of them occurred in the samples from the patchi-
ness cruise in August 1976. 
CYANOPHYCEAE, NOSTOCALES 
Phormidium spec. 
DINOPHYCEAE 
Prorocentrum dentatum Stein 
Amphidinium carterae Hulburt (see STEIDINGER & WILLIAMS, 
1970, p. 125) 
A. latum Le hour 
A. ovoideum (Lemmermann) Lemmermann 
Gyrodinium aureoleum Hulburt (see appendix 2, photograph 
nr. 2.11) 
Torodinium teredo (Pouchet) Kofoid et Swezy 
Gonyaulax diegensis Kofoid (see STEIDINGER & WILLIAMS, 
1970, p. 160) 
G. tamarensis Lebour 
Coolia spec, (see STEIDINGER & WILLIAMS, 
1970, p. 174) 
Coolia monotis Meunier (see STEIDINGER & WILLIAMS, 1970, p. 174) 
Glenodinium spec, (see STEIDINGER & WILLIAMS, 1970, p. 160); PAULSEN, 1908, 
p. XVIII-23) 
Goniodoma spec. 
Oxytoxum diploconus Stein 
HAPTOPHYCEAE, COCCOSPHAERALES 
Michaelsarsia elegans Gran in Murray ct Hjort 
EUGLENOPHYCEAE 
Cysts with spores. Comp. DREBES (1974), p. 164-166: parasitic Euglenophyceae 
CHRYSOPHYCEAE, OCHROMONADALES 
Dinobryon spec. See appendix 2, drawing nr. 14 
XANTHOPHYCEAE, TRIBONEMATALES 
Tribonema spec. 
BACILLARIOPHYCEAE 
Thalassiosira levanden Van Goor 
*Th. polychorda (Gran) Provasoli-Lavrenko 
Cyclotella bodanica Eulenstein 
Rhizosolenia hebetata Bailey fo. hiemalis Bailey (Sept. 1974 C3) 
R. alataforma gracillissima (Cleve) Gran. (Sept. 1974 C3; see appendix 2, drawing nr. 13) 
Eunotogramma dubium Hustedt 
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Anorthoneis excentrica Grunow 
Plagiogramma staurophorum (Gregory)Heiberg 
Synedra ulna (Nitzsch) Ehrenberg 
Fragillaria oceanica Cleve 
Pinnularia spec. 
Gyrosigma attenuatum Rabenhorst 
G. distortum (W. Smith) Cleve 
Pleurosigma aestuarii (Brbisson) W. Smith 
P. decorum W. Smith 
P. elongatum W. Smith (see VAN DER WERFE & HULS, 
1957-1974) 
Nitzchia pungens Grunow 
N. linkei Hustedt 
OTHER TAXA 
Trochiscia clevei Lemmermann 
T. mullispinosa (Moebius) Lemmermann 
Algal sporophyte (see appendix 2, photograph nr. 2.93; drawing nr. 16; not found in 
1974, but in many cruises in 1975, particularly in late summer and early spring) 
Bacteriophyta (see appendix 2, drawing nr. 17; also bacterial threads and films were 
found) 
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6 The phytoplankton - quantitative aspects 
This chapter is concerned with the temporal en spatial distribution of species and their 
numbers and relative dominances. It aims at finding patterns in that distribution, and at 
connecting these with the patterns of environmental parameters. 
In doing so, a number of different data processing methods are explored and exploited, of 
which some will appear to be more useful than others. 
The total number of species identified amounts to 307, plus 40 species of uncertain 
identification, and several groups of species taken together and treated as one. 
The highest mean number was found in May 1974: 3 million cells per litre. 
The highest number of species was found in September 1974: 180. 
In 1974, the highest number of individuals of a single species in one sample was found in 
April, for Phaeocystis pouchetii: 14.106/1. In April 1975, an even higher number was 
recorded for this species: 30.106/1. 
Distribution of these species and cells over the three main phytoplankton groups 
(diatoms, dinoflagellates, and micro-algae) through 1974 and 1975 is given in Figs. 7 and 
8, in which also the encountered zooplankton species were taken along, although it is not 
likely that those were sampled quantitatively. 
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Figure 7 Percentage ot total number of species of the main components 
The group 'micro-algae' includes Haptophyceae, Chrysophyceae, Cryptophyceae, Cyanophyceae, 
and Chlorophyceae 
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Volumes or biomasses have not been calculated. Although cell numbers are an indication 
of relative biomasses, the very different dimensions of different species are to be taken 
into account if one wants to cover this subject too. The work of MOMMAERTS (1971, 
1973a, 1973b), GIESKES (1974) and GIESKES and KRAAY (1975; 1977a) in the same 
area of the Southern Bight has been concentrated on such quantitative aspects. 
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Figure 8 Percentage of total cell number of the main species groups 
Mommaerts worked in the area off the Belgian coast and northward to Umuiden. He 
determined potential primary production, and demonstrated a decrease of this in 
offshore direction in all seasons. Actual primary production appeared to be limited near 
the coast due to turbidity. 
Nannoplankton appeared to cause a higher turnover of nutrients in areas where it 
dominated over netplankton. This was generally further offshore than about 25-30 km. 
The mouth of the Western Scheldt and the Belgian coastal area also showed high 
nannoplankton dominance due to river influence. Gieskes and Kraay measured primary 
production in the Dutch and Belgian coastal area in the spring of 1974 and 1975. They 
distinguished 7 sub-areas by means of a cluster analysis. They also attributed characteris­
tic species to the sub-areas, on the basis of biomass dominance (biomass measured by cell 
volume). They established the existence of a critical light intensity in the water column of 
0.03 gcal/cm2 min for the onset of active production in the Southern Bight. 
This explains why this onset is earlier in offshore - clear - water. 
The diatoms found in the two years 1974 and 1975 are essentially the same species. The 
dinoflagellates, however, are represented partly by different species in the two years. 
During the first year 290 phytoplankton species were found. In the second year this 
increased to the above mentioned number. 
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Diversity 
Diversity can be measured by a number of indices Such an index is just one of the tools 
that can be used to acquire some insight into the nature of the community one is studying 
It has been stated that a low diversity can indicate pollution It certainly can, because 
pollution can cause dominance of only one or a few very tolerant species But such a 
dominance is not always caused by pollution Also, a high diversity does not always 
indicate a 'mature' system (whatever that is), as has not rarely been suggested (see e g 
MARGALEF, 1968, 1974) 
For instance, around the borderline of two sea areas with different plankton com­
munities, diversity can be very high just because mixing of the two water types, and thus 
of the two plankton types, occurs A high diversity can also be found in the case of a 
transition situation in time (HILLEBRAND, 1977) So it appears that diversity alone is 
not a very useful community parameter Knowledge of abiotic parameters, as well as of 
other community parameters is necessary for a correct interpretation of spatial or 
temporal variation of the value of a diversity index 
HALLEGRAEFF (1976) showed that even more information can be acquired if species 
diversity is studied in combination with diversity of biomass, pigments and other biotic 
parameters 
Most diversity indices give only information about the group that has been sampled In 
the present investigation, diatoms always appeared more diverse than dinoflagellates, 
the latter included slightly less species, but much less individuals This means that a 
diversity index can only be used in a comparative way, within the group or groups that 
have been sampled quantitatively, and never between groups of different nature 
The first index of species diversity to be used is species number This does not give 
information about dominance relationships between species For that purpose, several 
indices are available 
I have chosen to use the Shannon-Weaver information function 
This index appears to be one of the least dependent on the number of individuals per 
sample (SANDERS, 1968, WOLFF, 1973) For zoobenthos samples larger than ca 200 
individuals (in high-stress environments) to 400 individuals (in low-stress environments) 
it is virtually independent of sample size Assuming that these numbers also apply to 
phytoplankton samples, the Shannon-Weaver function can safely be used as a descriptor 
of my samples, and for their mutual comparison), and has compantively good statistical 
properties (HUTCHESON, 1970, HEIP & ENGELS, 1974) It is written als follows 
s 
H =I-p,log ρ,, 
ι=1 
ρ, being the proportion of the total number of cells that is represented by species ι p, is 
estimated by ^ , in which n, is the counted number of cells of species i, and N the total 
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Cells Species 
Figure 9 The annual course of the number of cells per litre/number of species per litre (below) and 
the Shannon-Weaver diversity index (above) in 1974 
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number of cells of all species s in the whole sample. The index thus includes an element of 
species richness and an element of species evenness. It is not conclusive about the number 
of species or cells. To illustrate this, I have plotted graphs of the number of species, the 
number of cells per litre, and the value of the Shannon-Weaver index through the year 
1974, for the whole study area treated as one entity (Fig. 9). 
In February the diversity index was very high, but the number of individuals was very 
low, and the number of species was moderate (ca. 130). 
Many species were present, but all in small numbers. The species number stayed at this 
level until July, with a dip in May, while the number of individuals increased to its highest 
level in this month. Diversity index, however, was at it lowest in May and June; this 
indicates the dominance of one or a few species - in this case Phaeocystis pouchetii and 
micro-algae. 
The number of individuals decreased again sharply to a minimum in July, then showed a 
smaller peak than the first in August, and was intermediate in September and November. 
In the meantime species number increased sharply to 165 in August and further to 180 in 
September, then decreased again to nearly the February level in November. 
The diversity index showed a small peak in August, then levelled off to an intermediate 
value for the rest of the year. So it is clear that the diversity index variations in the first half 
of the year were mainly determined by the number of individuals, while in the second half 
of the year species number played a slightly more important role. 
This general pattern was about the same in 1975. 
The diversity index can thus indicate the stage of (cyclic) succession in a system, provided 
the course of that succession is known beforehand. 
The spatial pattern as measured by the Shannon-Weaver index, calculated over all 
encountered phytoplankton species together, is given for the 8 cruises in 1974, in Figure 
10. 
This pattern does not seem to be very consistent through the year, except maybe in the 
centre of the area, which in nearly all cruises has an intermediate or low diversity, 
Diversity was highest in February, and lowest in late spring (May, June). The spatial 
pattern in 1975 was quite different from that in 1974. This must not be attributed only to 
the different sampling networks, but also to the different developments in species 
composition. Data of MARGALEF (1958) suggested that the maturity of a planktonic 
system can be measured by the development of variance in the values of the diversity 
index d = In N (Margalef diversity index). In Vigo Bay he showed this variance to be 
largest in a summer situation. 
The above data lead to the suggestion, that the temporal development of the values of the 
Shannon-Weaver diversity index for the whole study area follows a yearly cycle, whereas 
the spatial pattern is not very predictable. 
Henceforth, I have used this diversity index only to illustrate the degree of dominance of 
a single species, Phaeocystis pouchetii, in April 1975 (see Fig. 17). 
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Figure 10 Diversity (H') of phytoplankton during 1974 
53 
Spatial and temporal distribution 
A list of all sampling stations of all cruises with, per station, the numbers of the species 
found, listed in order of dominance, formed the basis of the following discussion It is too 
long to be reproduced here, but available for inspection from the author 
For single species, it is possible to visualise spatial and temporal patterns of distribution 
by means of a series of charts, one for each cruise, in which the numbers of cells of those 
species on all stations are indicated by a symbol, the size of that symbol indicating the 
number on each station Lxamples of this approach are given in Figures 11 and 12 for the 
species Sceletonema costatum and Leptocylmdrus damcus, respectively The wax and 
wane of their blooms can be followed clearly - or so it seems 
A comparison of my results with those of KAT (1975; 1977), who sampled on the same 
stations at intermediate times, shows that the pattern is more complicated for many of the 
species studied 
In fact it appears, that conclusions about the sequence of wax and wane from one set of 
samples can be contrary to those from the other set This shows that both sampling 
frequencies were in fact too low for general conclusions A combination of the data of Kat 
and my data will no doubt form a more adequate data set Figure 12 gives an example of 
such a combined series 
My data would suggest the Leptocylmdrus damcus development to start at the northern 
coastal stations (June 25/26), then to fade away to the south (July 23/24) The species 
stays present in the whole area (August 21/22), until it disappears lastly at the northern 
coastal stations (September 17/18) 
The June 13/14 data, however, suggest that the development may have started in the 
south, and this even fits in with my data of May 21/22. 
Furthermore, the situation of July 9/11 suggests that it is not a question of fading away to 
the south It looks more like a disappearing seaward, to the north-west, and a start again 
form the south, leading eventually to a disappearance in northern direction 
The data of Kat alone (June 13/14 and July 9/11) would suggest only one of both south-
north developments, and not a returning cycle 
An advantage of this way of presentation is that isopleths of measured environmental 
parameters can be put in, thus visualising possible (causal9) relationships Of course, also 
the cell numbers can be presented in the form of isopleths It is clear, however, that it is 
impracticable to apply this approach to all species found It can only be used for selected 
species This has not been done within this study, which was aimed more at knowledge 
about the total phytoplankton community However, the point will receive more atten-
tion in a later publication 
In a rather similar way, an impression of the periodicity of species can be obtained from a 
species list (see chapter 5) Spatial aspects are then left unconsidered It depends on the 
purpose of the study, whether classes of numbers arc used or presence/absence data, or 
any other measure 
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Figure 11 Development of Sceletonema costatum during 1974 
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Figure 12 Development of Leptocylindrus damcus during 1974. Included are the results of ΚΑ Γ 
(1977): June 13/14 and July 9/11 
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Associations 
A related approach can result in a classical 'vegetation table', combining spatial and 
temporal aspects. In such a table rows (species) and columns (stations) can be arranged 
by hand in such a way that patterns become visible. Mostly, the scientist will use his a 
priori knowledge of the ecology of species in doing this. For my material, such knowledge 
is only fragmentary. Therefore, I have pre-arranged the table by means of an arithmetical 
method, and subsequently tried to make the pattern in the table more explicit by 
displacing rows and columns by hand. The numbers in the table denoted the number of 
cruises on which the species concerned were found. The table itself is not included in this 
dissertation. Although a certain structure of the table was achieved, it is not easy to draw 
clear conclusions from it. 37 species, of which 3 were zooplankton species, were found on 
all stations, and often in a majority of the cruises. 15 species are all freshwater species and 
low salinity tolerant species were placed together; they occurred mainly at station T3 en 
T10; emphasis of their occurrence lay on the first part of the year, as is found by 
consulting the species lists per cruise. 
No other clear groups of species linked with groups of stations can be distinguished in this 
table, only a few species were indicated that have been found at only one station. 
Recently methods have been developed that use a classification result as the priori 
knowledge of the material, and arrange a table on that basis - e.g. the program 
TWINSPAN (HILL, 1979). 
A great advantage of TWINSPAN is, that it ordinales both stations and species in one 
table, while it also provides information on the indicator species for each division during 
the classification. 
My material was treated with this method. The resulting table is given as appendix 1. 
In this table too there is a group of species occurring often and at all stations; also there is 
a group of freshwater and low salinity tolerant species, that can be attributed to station T3 
en T10. Both groups contain nearly the same species as in the 'classical' vegetation table. 
But further, the TWINSPAN result is much more explicit. Five station groups are 
distinguished. In three of them, one station stands slightly separated from the rest. 
For all 5 station groups species are indicated that occurred only in that group. There is a 
hierarchy of three divisions in the classification that can also be traced in their characteris-
tic species. Fig. 13 presents the results spatially. The overall pattern is clearly parallel to 
the coastline, like that of important environmental parameters. 
One classical way to investigate whether species groups or associations can be dis-
tinguished is to divide the area under consideration into sub-areas - on arbitrary basis 
mostly, for instance an observed or predicted pattern of an environmental parameter that 
can be considered important, such as salinity in the case of marine plankton. Thus having 
reduced the number of stations to a smaller number of sub-areas, one will then try to 
establish whether in the sub-areas different species are dominating. A series of such 
tables for all cruises can give indications of the stability of 'associations' per sub-area, of 
periodicity and of succession. One example of the result of such a procedure is given in 
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Figure 13 Spatial pattern of phytoplankton distribution as revealed by TWINSPAN data 
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Table 4. Dominant species at several distances off the coast 
APRIL 1974 
3 km 
Melosira sulcata 
Thalassiosira decipiens 
Rhizosolema hebetata f. 
semispina 
Odontella aunta 
Odontella sinensis 
Plagiogramma 
brockmannn 
Plagiogramma 
vanheurckii 
Dimerogramma minor 
Cymatosira belgica 
Rhaphonesis amphiceros 
Astenonella glaciahs 
Pleurosigma affine 
Scenedesmus div spec 
+ 
10 km 
+ 
Chaetoceros div sp 
Peridinmm div sp 
+ 
+ 
20 km 
+ 
Phaeocystis 
pouchetii 
30 km 
+ 
+ 
+ 
Small Gymnodmium 
spp. 
70 km 
+ 
+ 
+ 
+ 
Rhizosolema 
stolerfothn 
Gyrodimum spirale 
Torodimum 
robustum 
micro-algae 
(+ means important, but relatively less than at distance where written in full). 
Table 4. It shows clearly different associations at different distances off the coast. This 
table shows many more species that can be considered 'dominant' near-shore than off-
shore. Also not a few of those near-shore dominant species can be classified as 
'tychoplanktonic', while such species do not dominate further off-shore. This could, of 
course, be expected. Again, comparing such a table with the patterns of measured 
environmental parameters can give indications (but no more than that) of possible 
relationships. 
Of course, any other sub-division of the area is possible. As long as such a sub-division is 
based on the distribution of values of an intelligently chosen parameter, it is défendable 
to proceed in this way. 
It can, however, be very difficult to choose the right parameters. 
Also, phytoplankton distribution mostly is determined by many factors, some having 
antagonistic effects on phytoplankton 
Although a considerable amount of knowledge about phytoplankton ecology is available 
today, one can never be sure of having measured all important parameters. 
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Therefore, if one wants to find the division of the phytoplankton into species groups, or of 
the area into sub-areas with distinghuishable species groups, it is better not to use an 
a-priori subdivision of the area considered, but to base oneself directly on the plankton 
counts. 
With large data sets like the one in this study, it can be useful to apply computer based 
data reduction methods like cluster analysis ( a pattern recognition method, or classifica-
tion method) or principal component analysis (an ordination method) This approach can 
be called indirect gradient analysis (GAUCH, 1982, WHITTAKER, 1973) 
Results 1974 
Cluster analysis (CLU) 
Grouping of stations was performed on the basis of the species occurring on each station 
and their numbers This was done for each of the 1974 cruises as well as for the whole 
year The latter analysis was done with mean numbers per cruise for each species (Dis)-
bimilanty was measured with a Euclidean distance coefficient, as well as with a correla-
tion coefficient Data were processed untransformed, standardized, 'binanzed' (present 
or absent), and also runs were done with the logarithms and natural logarithms of the 
data The results obtained with untransformed data and correlation coefficients were 
almost exactly the same as those obtained with standardized data and distance 
coefficients 
The latter gave a slightly better separation of clusters Only for the June data one station 
was placed in a different cluster in the two treatments, further, the clusters were the 
same 
In Fig 14a the results for April, 1974 are presented as a dendrogram, in Fig 14c the 
dendrogram has been translated into the actual spatial pattern The results of PCA (see 
below), presented as ordination diagrams in Fig 14b, have been used to fill in some 
details of the spatial pattern As the results of CLU with standardized data and a distance 
coefficient as similarity measure agreed well with the results of PCA (R-mode), I present 
only the complete set of spatial patterns for these treatments here (Fig 15) The 
'binanzed' data always gave a more complicated pattern, with many small sub-areas, 
most of them single stations. This indicates the great spatial variety of non-dominant 
species 
The loganthmized data brought up another, rather consistent picture In all cruises the 
northern part of the area showed no sub-areas, whereas the south showed many 
differences between single stations No pattern of measured environmental parameters 
could account for this. 
Possibly the river influx combined with the influence of oceanic water from the English 
Channel and water from the British east coast, is responsible for this pattern At any rate, 
it indicates, that in the southern part more different non-dominant species occur 
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Figure 14 a Result of cluster analysis with standardized data April 1974 
b Result of principal component analysis (R-mode) 
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Principal component analysis (PCA) 
Fig 15 shows the spatial patterns found by R-mode PCA Each principal component 
(PC) represents a portion of the original variance in the data set The first PC represents 
the largest portion This first PC was nearly always found in the middle of the area 
studied, compare also the diversity pattern (Fig 10), and the chlorophyll-a distribution 
found by Gieskes and Kraay in the same year (GIESKES & KRAAY, 1975) The pattern 
for the whole year (not shown) brings out two special areas, viz near Hook of Holland 
(station T3 and T10) and off Den Helder Looking at the pictures for the separate months 
(Fig 15), these two areas can indeed be found back m nearly each mon th, while the rest of 
the pattern is rather variable The sub-area off Den Helder in the whole year picture, 
however, is indicated by a non-significant eigenvector (GUTIMAN, 1954), which means 
that its separation has only a weak basis 
Although the analysis provides 5 PC's - or station groups - not all of them are based on 
significant eigenvalues (according to the criterion given by GUTTMAN (1954)) This is 
indicated in table 5,together with the percentages of the original variance present on each 
PC 
Table 5 R mode PCA (L=6), 1974 
Percentage original variance represented in the first five PC's 
PC nr 
Cruise nr 
Whole year 
I 
Π 
III 
IV 
V 
VI 
VII 
VIII 
1 
59 5 
55 5 
70 7 
63 8 
93 2 
59 2 
79 1 
91 6 
75 8 
2 
12 8 
24 7 
13 1 
23 4 
(2 8) 
18 9 
12 6 
(4 2) 
14 6 
3 
10 0 
7 9 
114 
5 4 
2 1) 
8 8 
6 0 
(2 8) 
(3 3) 
4 
(4 6) 
5 0 
2 4) 
(4 6) 
(0 7) 
5 3 
(2 1) 
( 1 0 ) 
(2 5) 
5 
(4 2) 
(3 1) 
(16) 
(17) 
(0 5) 
(3 5) 
(0 1) 
(0 1) 
(18) 
total 
sign 
82 3 
93 1 
95 1 
92 6 
93 2 
92 2 
97 7 
91 6 
90 4 
sign 
3 
4 
3 
3 
1 
4 
3 
1 
2 
The last column gives the number of eigenvectors with eigenvalues that are significant (eigenvalues 
greater than 1, see GUTTMAN, 1954) 
Numbers between brackets refer to eigenvectors with eigenvalues that are not significant 
The percentage of original variance represented in the PC's with significant eigenvalues 
amounts in most cases to more than 90% By far the largest part of this is found on factor 
1 In only a few cases the differences between factor 1 and 2 are relatively small 
For an optimum result, the programme can be directed at concentrating as much of the 
original variance as possible on an expected or chosen number (L) of significant factors 
(PC's) Thus the chance of non-real groups as a result of the analysis can be minimized 
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rrm 2 
Figure 15 Spatial distribution of phytoplankton groups in 1974, as revealed by CLU and PCA 
N.B.: the sub-areas are numbered 1 to 5 in all cruises, but the characterizing species are different 
ones in each cruise (see Table 6)! 
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Table 6 Results of R-mode PCA, 1974 Characterizing species for the significant principal components with their scores on these 
June July Augusl S Mont 
Sub area 
Меіоыга moniliformis 
Mtlosira nummuloidcs 
Rhizosolenia imbrícala var shrubso 
Rhizosolcma stoltcrfolhii 
Melosira italica 
Melosira sulcata 
Phacocystis pouchctn 
Chactoccros ceratosporum 
Micro-algac 
Protopcndinium div spec 
Chactoccros gracilis 
Nitzschia scnata 
Dimcrogramma minor 
Pcnnales non del 
Sceleloncma costalum 
I cplocylmdrus damcus 
Chactoccros div spec 
Ccratium fusus 
Scencdcsmus div spec 
Species nr 430 (sec drawing nr 
Rhodomonas spec 
Ccralaulina bcrgonn var lala 
Coelaslrum cf microporum 
Plagiogramma brockmannn 
Proroccmrum aporum 
Ccralaulina berg ν elong 
Ccratium horridum 
rhalassiosira dccipiens 
Rhizosolcma dclicatula 
Chactoccros curvisclus 
9) 
1 
4 7 
2 9 
February 
2 3 
4 0 
-5 6 
" l 
-1 3 
-0 9 
- 6 3 
April 
2 
6 5 
3 
6 0 
1 5 
1 0 
4 
-1 0 
-1 1 
- 0 7 
-5 6 
-1 7 
1 
OK 
7 0 
-1 0 
-0 8 
May 
2 3 
7 
О' 
7 0 
1 2 3 1 1 2 3 4 1 
7 4 -2 9 
1 2 - 7 0 - 1 4 5 2 7 5 6 6 
1 1 
1 4 
1 3 
-7 0 
i г 
— 1 1 
-1 4 
27 
1 1 
-1 8 
7 1 
-7 2 
-0 8 
0 7 
ι t 
1 I 
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1 5 
1 3 
0 8 
-0 9 
1 7 - 2 4 
The distinguished station groups are characterized by species, and these can be found 
from the factor scores For the 1974 cruises these species are given together with their 
factor scores in table 6 
Now, distribution charts like in Figures 11 and 12 can be used as a check on the 
applicability of the PCA In this case it appears that the distribution charts do agree 
largely with the pattern and the characteristic species found in CLU and PCA 
Table 6 shows that each group of stations is characterized by only a few species with high 
(positive or negative) factor scores There are many more species in most groups, but 
their scores indicate low characterizing values 
It is also clear that some groups are characterized only by the (relative) absence of some 
species (negative scores), others by the (relative) presence of some species, and most by 
the presence of some and the absence of other species 
A temporal aspect is also shown by table 6 In February nentic diatoms are characteriz­
ing, among which one freshwater species (Meloiira italica) Characterizing does not need 
to mean dominant if a species is evenly dominant in the whole area, then other species 
will determine if the area must be subdivided In April Phaeocystis pouchetu and micro-
algae were important, besides Nitzschia senato and Protopendimum div spec In May, 
Sceletonema costatum and Rhizosolemastolterfothu were added to the micro-algae, while 
in June Leptocylindrus danicus became an important characterizing species Micro-algae 
stayed important throughout the rest of the year, accompanied in July by Ceratium fusus, 
in September by Rhodomonai spec and Cerataulina bergonu var lata, and in November 
by some species from very different groups 
The picture for the whole year shows micro-algae and Phaeocystis pouchetu as the most 
important characterizing species, с q group, sub-area 2 is a rather small area near Hook 
of Holland, sub-area 1 is the rest of the study area 
Associations and environmental parameters 
The values of three important environment parameters salinity, temperature, and 
Secchi disc visibility were plotted on the charts with the spatial phytoplankton patterns If 
any of these parameters (or connected parameters, like pollutants') should play a 
dominant role in determining the phytoplankton distribution, it would show significantly 
different values in different sub-areas This appeared to happen only rarely, e g in the 
sub-area often indicated by station T3 and T10 
For a second approach I have calculated the correlation coefficient R between the scores 
of stations from Q-mode PCA, and values of environmental parameters in the dis­
tinguished sub-areas A number of significant positive and negative correlations were 
found (see table 7) 
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Tabic 7 Correlation of factor scores from О mode PCA with measured environmental parameters 
(7) , 1974 Only results are given with an R^O 70 (PssO 05) 
Cruise 
1 
3 
4 
5 
7 
8 
PC ENVIR PAR 
Wind direction 
Distance coast 
Salinity 
Salinity 
Temperature 
Salinity 
R 
0 90 
0 74 
0 83 
0 79 
0 79 
0 79 
Summary of observations 
In 1974 the phytoplankton community off the Dutch coast was very different in composi­
tion each month Near the coast more species could be called 'dominant' than off-shore 
Each month no more than 3 or 4 significant phytoplankton groups could be distinguished 
by CLU and PCA Each of those groups was characterized by only one or a few species, 
although many more were attributed to most groups 
The area just north of Hook of Holland was clearly distinguished as a special part of the 
study area - other sub-areas were different ones each month The central part of the area 
in most cases was indicated by the first PC, which always represented from around 60% to 
more than 90% of the original variance in the data set 
The group of micro-algae was characterizing very often Especially in April Phaeocyitis 
pouchetu was dominant and determining the aspect as well, while the micro-algae were 
often dominant in numbers, but, due to their small size, they did not always dominate the 
microscopical image 
The constructed vegetation tables (TWINSPAN result is given as Appendix 1 and in Fig 
13), both for the whole year, show a more complicated pattern than that from PCA 
The area is subdivided into 5 sub-areas, mainly about parallel to the coast In the sub-area 
near Hook of Holland many freshwater and low salinity tolerant species prevail The 
tables put together a number of small Chaetoceros species, characteristic for early spring 
after the first large diatoms have bloomed The tables also distinguish a large group of 
diatoms and dinoflagellates that occur each month and at all stations 
No clear similarity in spatial patterns of environmental parameters and phytoplankton 
groups was found A few significant correlations were calculated, in June, July and 
November between the first PC and salinity, in February between the first PC and wind 
direction, in September between the third PC and temperature, and in May between the 
seventh PC and distance from the coast 
Results 1975 
In 1975 sampling took place more frequently, though the spatial network was not very 
consistent Only the course of the research vessel was the same on each cruise Positions 
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of the stations on the different cruises are indicated in Figure 16 
On the basis of the results with the data of 1974, those of 1975 were only treated with 
PCA The patterns found are still very variable, see Figure 16, percentage of the original 
variance in the data sets in each PC and significance are given in table 8 
Febr 24 /25 March 3 /4 March 10/11 March 17 /18 
Apri l 14/15 Apri l 21 /22 A p r i 28 /29 May 12/13 
May 2 6 / 2 7 Sepl 1 5 / 1 6 Oct 13/14 
1 1 2 I I 4 
Figure 16 Results of the R mode PCA for the cruises of 1975 distinguished sub-areas Black dots 
are the sampling stations different ones in each cruise Characteristic species for sub area 1 to 4 are 
different ones in each cruise 
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Table 8 R-mode PCA (L=3), 1975 
Percentage original variance represented in the first five PC s 
PC nr 
Cruise nr I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
1 
72 7 
38 4 
81 5 
82 3 
74 4 
71 0 
97 4 
35 9 
94,6 
55 9 
74 4 
2 
19 2 
22 3 
13 2 
14 6 
18 9 
21 1 
(2 4) 
30 6 
(3 8) 
23 0 
13 6 
3 
(4 3) 
16 1 
(3 5) 
(19) 
(6 3) 
(5 8) 
(0 09) 
17 0 
(0 9) 
(5 6) 
9 3 
4 
10 4 
8 5 
5 
7 9 
total 
sign 
91 9 
95 1 
94 7 
96 9 
93 3 
92 1 
97 4 
82 0 
94 6 
78 9 
97 3 
sign 
2 
5 
2 
2 
2 
2 
1 
4 
1 
2 
3 
The numbers between brackets refer to eigenvectors with eigenvalues that are not significant 
(smaller than 1, see GUTTMAN 1954) 
The characteristic species are given in table 9, together with their factor scores 
Table 9 shows that, like in 1974, only a few species were really characterizing for the 
station groups found by PCA in 1975 
Phaeocystis pouchetu and micro-algae again played a very important role in all cruises 
In March neritic diatoms formed the majority of characterizing species In April 
Phaeocystis and micro-algae dominated the area, while on May 12/13 the characterizing 
species were nearly exclusively a few dinoflagellates A fortnight later dmoflagellates 
were still important, but some larger diatom species were increasing rapidly in numbers 
per litre 
No data are available from June and August, but in July 4 stations were sampled of which 
I could examine the phytoplankton In two of them Sceletonema costatum dominated 
strongly, in the other two Leptocylmdrus damcus exhibited a bloom 
In September micro-algae, Chaetoceros div spec and Sceletonema costatum were the 
most important characterizing species, while in October various diatoms and dinoflagell-
ates, as well as micro-algae dominated the picture 
No whole year analysis has been done, because of the fact that the sampling stations were 
different ones each cruise 
An interesting series is formed by the results from three successive weeks in April (Fig 
16,17) The PCA shows one patch (sub-area) with mainly unidentified micro-algae, being 
'pushed away' by another patch, consisting mainly of Phaeocystis pouchetu The latter 
species became more and more dominant in the area, first 'attacking' the other patch only 
68 
Table 9 Results of R-mode PCA, 1975 Characterizing species for the significant principal components with their scores on those components 
I 
1 
7 4 
2 7 
14 
- « 7 
2 
HI 
1 
4 5 
2 1 
4 4 
3 6 
16 
11 
2 
1 6 
1 6 
1 
8 1 
III 
1 
6 « 
2 1 
2 1 
2 
1 9 
- 6 8 
1 1 
V VI VII Ш 
Sub jrca 1 2 1 2 1 1 2 1 2 1 2 1 2 1 1 2 
Micro dlgae  6 8 6 8 9 7 8 9 4 1 1 2 - 1 7 11 H 112 
Rhodomonds spec 2 7 4 5 16 2 1 - 6 8 (18 
IX 
1 
К 8 
2 0 
X 
1 2 
11 8 
I 
95 
1 0 
XI 
2 
32 
1 2 
54 
1 
(19 
Lmihama huxlcyi 
Bactonophyld 
Thaldssiosira niizschioidcs 3 7 
Nitzschia closlcnum   OK 
Mclosirj sulcatd   I I 4 К 
Pldgiogramma brockmannn  2 (I -0 H 16 
PhdLOcyslis pouchtti» 8 1 1 7 UK) 114 У 0 11 4 0 7 
Thaldssiosira rotula 1 0 
Cymdt04ira belgica 3 4 
Thalassiosira dtcipicns + div spec 2 3 
Plagiogramma vanhcurckn 0 7 
ApLdinclla spmifcra ^ 7 
Eucampia 7m>diacus -2 2 
Protopcndimuni monospin um 11 I 
Ccrauum fusus 11 2 
Oymnodmium div spec 3 4 11 
Gvmnodmium simplex 13 3 4 
Oyrodinium spirale 1 9 
Chdetoceros div spec 11 10 1 2 4 
Rhizosolcma stol ter fot hn 2 4 
Cerataulina bergonii var lata 1 6 
Oumardia flaccida 1 1 
Scelctoncma cosiatum I I 6 1) 
Cerataulina bcrgonii var elongata I 2 
Rhizosolcma dehcatula 12 - 1 0 
Chaetoccros cumsctus 0 H 
Plagiogramma spec 2 4 
Torodmium robustum 1 9 
Odonlella sinensis 1 ~ 
Ccratium Turca 1 I 
Protopendimum rotunda 1 0 
Protopendimum div spec 1 0 
Rhabdoncma stylifcr ' 0 
Cyclotclla spec 0 9 
( Τ ) April 14/15 
Phaeocystis pouchetn/ 
H'.iO 25 
( £ ) April 2 1 / 2 2 
Phaeocystis p. 
¿f Melosira \ н'. 2 5 V ^ H ' . O S , 
granulata 
( ? ) April 2 8 / 2 9 И ) May 12 / 1 3 
f J Micro algae 
I. ; * . . ] Phaeocystis pouchetil 
Figure 17 Results R-mode PCA for 4 successive cruises in the spring of 197'i A patch near the coast 
dominated by micro-algae is pushed away (arrows) by a water mass containing nearly exclusively 
Phaeocystispouchetu, under the influence of southerly winds The whole process takes three weeks 
Then, domination is rapidly taken over by several dinoflagellate species 
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from the south, then from several directions, and ultimately intermingling with it and 
making the difference between the two resulting patches progressively smaller Two 
weeks later the Phaeocystis area had been completely replaced by a pattern more or less 
parallel to the coast dominated by several dinoflagellates 
Diversity (H') in the micro-algae patch ranged between 1 5 and 2 5, whereas the diversity 
in the Phaeocystis patch was 0 22-0 25, at a few stations even as low as 0 07 The whole 
process is shown in Fig 17 Most probably the prevailing wind direction (S-W) during 
that period played a role In any case this series indicates that a weekly sampling 
frequency might be sufficient to detect major developments of phytoplankton in the area 
considered 
Table 10 Correlation of factor scores from Q-mode PCA with measured environmental parame­
ters (14), 1975 Only results are given with an R 3=0 70 (P «0 05) 
PC 
1 
2 
2 
2 
1 
3 
3 
3 
3 
3 
4 
1 
1 
1 
2 
2 
4 
4 
1 
2 
1 
6 
1 
1 
1 
4 
3 
1 
1 
4 
5 
ENVIR PAR 
Depth 
Time of day 
Wind direction 
Day 
Chlorophyll-a 
Salinity 
Oxygen 
Wind direction 
Wind force 
Light 
Temperature 
Day 
Depth 
Time of day 
Chlorophyll-a 
Oxygen 
Current direction 
Light 
Secchi disc visibility 
no significant correlations 
Secchi disc visibility 
Salinity 
Current direction 
Chlorophyll a 
Depth 
Temperature 
Light 
Depth 
Temperature 
Salinity 
Depth 
Salinity 
R 
-0 89 
-0 94 
-0 99 
0 72 
-0 95 
-0 76 
-0-89 
-0 82 
0 88 
-0 89 
-0 89 
-0 74 
0 74 
0 80 
0 73 
0 82 
0 73 
-0 84 
0 87 
0 94 
-0 88 
-Ό72 
-0 88 
0 71 
-0-91 
-0 86 
071 
0 88 
0 92 
0 97 
-0 88 
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Associations and environmental parameters 
In 1975, more environmental parameters were measured than in 1974 More significant 
correlations were found, of which 50% was negative (see table 10) 
It is impossible to extract from table 10 a hierarchy of importance of environmental 
parameters Many PC's show significant correlations with several parameters Combina-
tion of related parameters like light. Secchi disc visibility and time of day does not make 
the picture clearer Correlations with the day of the cruise are more or less meaningless, 
because of the displacements of the sampling vessel in time 
Summary of observations 
The phytoplankton composition was as variable in 1975 as it was in 1974 The subdivisions 
were different from the preceeding year, the characterizing species were partly the same 
The higher sampling frequency made it possible to really follow the developments, 
particularly in April, when the whole area was very clearly dominated by only a few 
species (Phaeocystis pouchetu and micro-algae). Calculation of the diversity index H' 
indicated the very high degree of dominance on some places 
The importance of Leptocylindrus danicus and Sceletonema costatum m July 1975 is more 
or less confirmed by the developments of these two species in 1974, given in fig 11 and 12 
The area just north of Hook of Holland is only distinguished as a separate sub-area on 
March 17/18 Further north along the coast single stations stand out incidentally as 
separate sub-areas Closer examination shows that only on the above mentioned cruise 
two stations just north of Hook of Holland were sampled This indicates very clearly the 
limited usefulness of a varying sampling network 
Correlating PC's with environmental parameters indicated a number of relations. There 
seems to be no clear pattern, however Perhaps a better way to find meaningful correla-
tions is to relate the values of the environmental parameters with the number of the two 
or three most important characterizing species per distinguished group 
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7 Patchiness 
The sampling network was dependent on already existing networks of the Dept of Public 
Works and Waterways (RWS) and of The Netherlands Institute for Sea Research 
(NIOZ) The cruises of the former institution take place every month to every two weeks, 
for d number of years already At each station plankton is sampled, while several physical 
and chemical parameters of water and air are measured The NIOZ cruises are variable 
each year, dependent on the current investigations 
I have tried to obtain an impression of the representativity of those networks, but 
particularly of the RWS network, by means of a one day sampling cruise on August 19h, 
1976 
With the tug 'Holland' of RWS two straight lines were navigated, both with a length of 10 
km, one perpendicular to the shoreline (which means in this area also perpendicular to 
the tidal current), and one parallel to the shoreline On each line sampling was started 
every 1 metre (10 times), then 10 times every 10 m, then 10 times every 100 m, and finally 
10 times every 1 km Air temperature, water temperature, and Secchi disc visibility were 
recorded at all stations Fig 18 shows the area, the km-stations are indicated 
The samples were counted in the usual way 14 Species of different taxonomie groups 
were selected Fig 19 shows all counts for one of them, Rhizosolema delicatula The 
variances of the countings of these species within each of the four distance categories (1 
m, 10 m, 100 m, 1 km) were then plotted against those categories Figures 20 and 21show 
the results Any trend in the height of the point clouds is interpreted as indicating a 
certain degree of patchiness The peaks can also be interpreted as indicating the dimen-
sions of patches The higher a peak, the higher the patchiness within that distance 
category is, this method might be compared with the use of quadrats of increasing surface 
m terrestrial plant ecology (GRFTG-SMITH, 1964), a method improved by KERSHAW 
(1957, quoted by GREIG-SMITH, 1964) A quadrat of Kershaw can be taken as being 
equivalent to my 1 litre sample (see also KbRSHAW, 1978) 
Of course, the used scheme is not complete To be able to carry out a proper analysis of 
variance, the distance between samples should be equal over the whole cruise, and as 
small as possible to pick up all variance levels This, however, would have implied taking 
such a large number of samples that it would be impossible to work them out Therefore, 
a reduced scheme was chosen As a consequence, it must be assumed, that the variances 
found in the lower distance categories are the basis of the real variance in the higher 
distance categories Or, in other words, the used scheme gives only the contribution of 
each category to the total variance per category This was exactly what I was looking for 
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Figure 18 Patchiness cruise on 19 August 1976. Position of Noordwijk (N) transect and stations also 
indicated 
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150--
100--
1m 10 m 100 m 
Figure 19 Numbers of Rhizosolenia dclicatula counted on 19-8-1976 
— transect perpendicular to the coast; 
-— transect parallel to the coast. 
The figures 20 and 21 show that: 
- there is a slight difference in pattern between the two series of samples, as to 
individual species; 
- the largest discontinuity in trend of variance occurs between the 100 m and the 1 km 
category; 
- moreover, in Diatoms and micro-algae a second, but much smaller discontinuity 
appears in the 10 m category. This peak is missing for the Dinoflagellates, where only 
Dinophysis acuta shows an increase in variance from the 10 m to the 100 m category, 
and it is not evident for Diatoms on the first part of the cruise (perpendicular to the 
shoreline); 
- in the series perpendicular to the shoreline, micro-algae show the highest peak in the 
100 m category, and a smaller one in the 1 m category. 
- most Dinoflagellates show a small peak in the 1 m category, on the first part of the 
cruise. 
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Thalassiosira div spec 
Rhizosolenid dclicatula 
Rhizosoltnid siolterfothii 
Cyclotella spec 
Bdcteridstrum hyahnum 
Chaetoccros div spec 
Scnpsiella ircKhoidea 
Ceratium Іичич 
Proroccntrum rcdfieldii 
Ceratium furca 
Dmophysis acuta 
Unidentified species 
cf Pseudopedinella spec 
Rhodomonas spec 
Figures 20 and 21 Variance of numbers within distance categories plotted against the four distance 
categories 1 m, 10 m, 100 m, and 1 km 
Figure 20 course perpendicular to the shoreline 
a = Diatoms, b = Dinoflagellates, с = Micro-algae 
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Thalassiosira div spec 
Rhizosolcnia stoltcrfothii 
Rhizosolcnid delicatuld 
• Cyclotella cf meneghimana 
• Chdcluceros div spec 
Bacienastrum hyahnum Proroccntrum redficldii 
Scnpsiella trochoidea 
Dinophysis acuta 
Ccrdtium fusus 
Cerattum furca 
t ' 
Unidentified species 
cf Pbcudopedinellj spec. 
Rhodomonas spec 
Figure 21 course parallel to the shoreline. 
a = Diatoms, b = Dinoflagellates, с = Micro-algae 
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So it seems that there were mainly two kinds of patches one with a diameter of a few to 
ca 50 metres, and one between 100 m and 1 km 
Also there is some evidence of a very small patch size within the 1-10 m range This, 
however, does not reflect the real shape of the patches 
Figure 18 shows also the main current direction during the two parts of the cruise 
1m 10m 100 m 
11.17 h 
1km -*-
13.27 h 
Im 10m Ю О т -
13.48 h 
1 k m - · -
15.40 h 
Figure 22 Cruise 'Holland', 19-8-1976 Secchi disc visibility 
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Figure 23 Cruise 'Holland', 19-8-1976. Air temperature 
79 
-\—ι 
l m 10m 100 m — 
11.17h 
1km — 
13.27 b 
19.8._ 
19.6. 
19Д 
•+-
1m ЮгпЮОг 
13.48 h 
1km — 
15.40h 
Figure 24 Cruise 'Holland', 19-8 1976 Water temperature 
During the run perpendicular to the shoreline, the current was directed approximately 
parallel to the shoreline This means that the distance between stations, relative to the 
water mass and measured perpendicular to the shoreline, was approximately the same as 
the real distance (relative to the coast) During the second run. however, the current was 
directed opposite to the cruising direction To obtain the speed of the ship relative to the 
watermass, cruising speed and current speed must be added together 
Net cruising speed was different in the four distance categories zero (the 1 m category 
was sampled at one station), 0 03 m/s, 0 3 m/s, and 2 8 m/s respectively Plotting the curve 
of the tidal current speed on top of that gives the following speeds relative lo the 
watermass, zero, 0 13 m/s, 0 8 m/s, and 3 8 m/s This again means, that the distances 
relative to the watermass in this run were 1 m, 40 m, 290 m, and 14 km, respectively Of 
course, these speeds are approximations, especially because current speed per category is 
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only a mean figure But still, these considerations lead to a better idea of size and shape of 
phytoplankton patches, the patches along the Dutch coast are more or less ellipsoidal in 
shape, the long axis running parallel to the shoreline The patches of smaller size have 
axesca 10 to 200 m by a few to ca 50 m, the patches of larger size have axes of ca 250 m to 
15 km by ca 100 m to 1 km It is well possible that a strong wind, blowing in a direction 
which is not the current direction, has a distinct effect on the patch shape Several 
investigations have indicated such a correlation (e g HARRIS & SMITH, 1977) On 
August 19,h, 1976 the wind was blowing from the Ν Ν Ε , force 3-4 on the scale of 
Beaufort As wind direction thus was about the same as the current direction during ebb 
tide, and opposite to the latter during flood tide the patch shape probably was somewhat 
more elongated than it would have been on a still day Yet, two points must be considered 
before drawing such a conclusion: 
1 influence of wind during ebb works antagonistic to the influence during flood and, 
2 influence of wind on previous day or days may be of greater importance than on the 
day itself 
As to the patchiness found in the present investigation, the larger patch size is also found 
reflected in the pattern of Secchi disc readings and water temperature Figs 22 and 24 
show little variation in the 1 m, 10 m, and 100 m range, but much more m the km range. 
These correlations require further investigation as to their exact form and possible 
causes 
In an investigation like the one presented here it is not possible to sample frequently a 
network with stations 10 or 100 m apart So the smaller patch size cannot be detected, and 
the larger one only in a limited way This indicates the limitations of this kind of surveys. 
The value as a 'base-line' study, however, still stands I think that horizontal as well as 
vertical patchiness should be investigated further in a separate study, to be able to design 
an optimal sampling scheme 
This patchiness investigation gives only information about the situation on one day 
Conclusions have to be checked on other days, spread over all seasons, and particularly 
under different wind conditions 
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8 Discussion 
Long term changes 
The importance of the use of comparable methods in different studies of the same subject 
is well illustrated by a comparison of my results with those of KAT (1977) and those of 
VAN BREEMEN (1905) Kat used nearly exactly the same methods as I did, and the 
results in terms of species list and numbers per litre found are such, that they can be 
combined without problems Van Breemen, however, used quite different methods, and 
his results are quite different, too He found 136 phytoplankton species, of which 106 
diatoms 85 of them were also found by me, 51 were not (6 doubtfully) However, I found 
ca 200 species that Van Breemen did not find Of the 51 species that I did not find, only 3 
were found within my study area, and 6 just at the margins All were Chaetoceros species, 
which are very difficult to identify The other taxa occurred definitely outside the area, in 
the central North Sea, the Wadden Sea, the Zuiderzee. 21 of Van Breemen's species 
were Peridimaceae, and he found only a few small flagellates (among which the colonial 
Phaeocystis pouchetu), he did not find 'naked' dinoflagellates Most of Van Breemen's 
numbers per litre were lower than mine As causes of all those differences can be 
mentioned- his study area was larger, his sampling network was less dense, his sampling 
frequency smaller, his sampling method was tow-netting, his preservation method by 
alcohol or formaldehyde; very probably the great improvements of the optical quality of 
modern microscopes play a role, loo Van Breemen himself stated that many species 
probably would escape through the meshes of the net This touches on one of the 
problems of progress: a phytoplankton survey undertaken with new and better methods 
cannot really be compared to older surveys to arrive at conclusions about long term 
changes, except when species common in the older survey are missing in the new one 
Associations 
The greater part of the ca 340 species that were distinguished occur in relatively small 
numbers Because of the way of data processing used, also the rarest species of a cruise 
can be found to be characteristic for a species or station group This is not as unrealistic as 
it seems at first sight Any species that is rare in one cruise can be dominant one week 
later, if circumstances have become favourable to that particular species in the mean 
time Therefore, if the dynamic aspect of the phytoplankton community is not to be 
neglected, any species, rare or not, can have a value for characterizing the community 
The results of different ways of cluster analysis and PCA (R-mode) were reasonably 
consistent, when mutually compared. The resulting patterns could be confirmed, to a 
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certain degree, by simpler ways of data presentation and by computation of diversity 
indices. 
The results with different transformations were helpful in filling in details of the overall 
pattern. 
It can be stated that, contrary to what was hopefully expected, within the study area no 
species assemblages consistent over some length of time exist. In fact, the whole area 
contains only one 'association ', with variations in species composition according to season, 
weather, etc. Only for very explicit blooms patches can be followed for some time (up to 
several weeks: see Fig. 17), and in areas with specific circumstances like the area just 
north of the outflow of the river Rhine, species characteristic for that area can be 
indicated (for the latter area: Sceletonema costatum, small Chaetoceros species). Very 
few freshwater species were found to be characteristic for a sub-area. 
For the Southern Bight as a whole, there is a certain pattern of succession each year, of 
which the main features are the dominance of mainly 'neritic' and small diatoms (and 
sometimes small flagellates) in spring and autumn, and of dinoflagellates and some 
larger, open sea type diatoms, in summer. The species composition and distribution in 
this pattern can be different each year (GIESKES, 1974; GIESKES & KRAAY, 1975; 
1977b; KAT, 1974; 1975; 1977; REÍD, 1978). 
The patterns as well as the 'characteristic' species are quite different every month. It is 
striking that all associations that have been found are characterized by only a few species. 
Because the number of different associations in a whole year is large, the total number of 
species that are characteristic at one time or another is still ca. 30 (1974) to ca. 40 (1975). It 
is not possible with my data to link the patterns to a series that explains how changes have 
taken place. The frequency of sampling has been too low. Combination with the results of 
Kat for selected species showed that a sampling frequency of once a fortnight sometimes 
makes a correct interpretation of the results possible, as indicated by the results of the 
weekly samplings in 1975. But in other cases sampling weekly is only just about accept-
able. If, however, one is interested in biomass or chlorophyll too, even this frequency 
might be too low. The weekly distributions of chlorophyll given by GIESKES & 
KRAAY (1975; 1977a) and FRANSZ & GIESKES (1984) do not form a really smooth 
series. Determining factors for a suitable sampling frequency are, of course, generation 
times of different species, required precision, temporal aspects of vertical migration 
patterns, practicability, environmental circumstances like current velocity, and biologi-
cal factors like grazing. 
As for some species or stages the generation time must be measured in terms of hours 
(like the swarming spores of Coscinodiscus concinnus - VAN DER WERFF, pers. 
comm.), this kind of phenomena cannot be studied in an investigation not especially set 
up for that purpose. The same holds true for daily vertical migration patterns, and also for 
vertical migrations of a longer period if sampling takes place at only one level (surface). 
Dominance measured by biomass can give quite a different picture, as is illustrated by 
comparing the results of the present study with those of GIESKES & KRAAY (1975). 
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These authors sampled the same area in the same years For the first half of 1974 they 
constructed a pattern of sub-areas on the basis of cluster analysis of primary production 
data. The sub-areas they found are reasonably comparable with the sub-areas found in 
the present study (see e g Fig 13) But the dominating species were, in most cases, 
completely different ones The cause of this difference is to be found not only in the fact 
that different sampling stations were visited in both studies, but also in the difference in 
dimensions of the species concerned they used biomass of a species as a criterion, 
whereas I used the number of specimens 
Phytoplankton distribution and environmental parameters 
On the basis of water quality off the Dutch coast as measured from 1975-1982 by the State 
Institute for Purification of Waste Water (RIZA) the area can also be subdivided (RIZA, 
1983) Those sub-areas confirm the subdivisions on the basis of phytoplankton found by 
G1ESKES & KRAAY (1975) and by me, very reasonably The measurements were done 
every 2 or 3 weeks (weather permitting) and concern nutrients, salinity, oxygen, tem-
perature, pH, suspended matter, chlorophyll-a, phaeopigment, total organic carbon 
(TOC), anorganic and organic (micro-)pollutants They were done at the stations where 
also my 1974 samples were taken, plus a number of fixed stations to the north and south of 
my study area The distinguished sub-areas are one along the whole coast from about 40 
to 70 km from the coast (or farther this could not be established because there were no 
stations farther out), one from the Noordwijk transect northward to the second island 
(see fig 1) and about 40 km offshore, one incorporating only the Ter Heijde transect up 
to and including station T30, and furthermore two sub-areas to the south and one to the 
north 
It has been said before in this dissertation that constructing sub-areas on the basis of the 
distribution of some environmental factor, and then trying to fill in dominating species for 
each sub-area, is not the best way to find real plankton associations When some kind of 
phytoplankton distribution has been found m a more 'objective' way, it is, however, 
interesting to try and find out if a correlation can be found with the pattern of one or more 
environmental factors The patterns of three important hydrographical parameters of 
which the importance to living organisms is well known, salinity, temperature, and 
transparancy, were compared with the phytoplankton distribution 
Of course, these three parameters are interconnected, not in the least by the influence of 
the river Rhine, while particularly salinity is coupled with nutrient enrichment and 
pollution by the same river and other freshwater outlets All three parameters show 
isopleths oriented essentially parallel to the coast The pattern of phytoplankton distribu-
tion is far more complicated, only in February, September and November 1974, and May 
1975 a certain conformity is apparent It might be that some basic conditions for 
phytoplankton development are set by these factors (compare the seasonal differences), 
but the micro-distribution is determined by other factors, among which distribution of 
nutrients and micronutnents, wind speed and direction (see also HARRIS & SMITH, 
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1977; THERRIAULT & PLATT, 1981), discharge of the Rhine and other rivers, 
influence of water from the English Channel and from the northern North Sea, and the 
behaviour of cysts and swarmers probably play an important role. Calculation of correla­
tions between environmental parameters and phytoplankton associations also showed 
that often more than one environmental parameter was related to an association (see 
table 7 and 10). In summer salinity was relatively important, and, to a lesser degree, 
temperature, while in the cold season wind played a relatively important role. 
No clear patterns were found, however, not even in the series of three successive weeks in 
April 1975 (Fig. 16 and 17). In this series only Secchi disc visibility was positively 
correlated with the first PC in the first week and with the second PC in the third week, 
while in the second week no significant correlations were found. 
As most associations in the Southern Bight exist so briefly, that the term 'associations' is 
in fact not really applicable, it is probably more revealing to try and correlate the numbers 
of dominating or otherwise special species with the values of environmental parameters. 
The phytoplankton at the edges of the study area sometimes contains elements from 
other floristic areas, e.g. Ceratium spp. from the area north of 53 degrees North in the 
samples from stations of the C-transect. (see e.g. CLEVE, 1897; BRAARUD ET AL., 
1953). Frontal systems like here, that separate regions with different plankton composi­
tion (and which are often separate regions in themselves) do not often stretch into the 
study area. 
Oceanic species rarely penetrate the study area from the north, as is suggested by 
FRASER (1969) for zooplankton. Still I think that transport along the Scottish and 
English east coast is well able to bring such species into the Southern Bight from the east 
and south. Such species, however, will not easily penetrate Dutch coastal water, but stay 
in orto the west of the tongue of oceanic water coming from the English Channel (see Fig. 
2)· 
The oceanic influence from the south is limited, as VAN BREEMEN (1905) already 
observed. 
Concentrations of chlorophyll containing freshwater species in high salinities can indicate 
the great tolerance of some species (Merismopedia spec, found at 70 km off Den Helder 
in a salinity of ca. 35%o); on the other hand, they can indicate the existence of freshwater 
patches in the sea water. These patches can stay intact for a long time and they will be 
displaced by wind as well as surface currents. Mixing is inhibited by an internal stability of 
these patches which is only disturbed by winds stronger than 5 Beaufort. In certain 
periods of large river discharge and strong wind the salinity near the coast of The 
Netherlands can become quite low. The area just north of Hook of Holland is very 
sensitive to the effect of the discharge of the river Rhine (RIZA, 1983). During this study 
the salinity at station T3 was found to very between 20.300%o and 31.700%ο. The dominat­
ing species were mostly rather tolerant to reduced salinity (Sceletonema costatum, small 
Chaetoceros species, small flagellates). 
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Data processing 
It is very important to remember that the results of cluster analysis and PCA are no more 
then a hypothesis, on the basis of which one must work further Testing the hypothesis, 
e g by correlation with an environmental factor, still leaves it a hypothesis, because the 
verification should be done with a second set of data, gathered independently of the first 
set But, like WILLIAMSON (1972) suggested the shortcomings of these methods 
should not lead one to the idea that they are useless Thev are very well suited to bring 
structure into a data set in such a way that it becomes possible to distinguish what kind of 
factors are important in the process of the arising of just that structure 
Still, a comparison on the basis of effectiveness with other methods of data processing 
may be useful I think, that the more complicated the approach is, the more difficult it will 
be to interpret the result A compromise between the amount of work involved and 
clearness and mterpretabihty of the result is also sought for The methods that use 
graphical presentations per species are clear, but take a lot of time and do not give 
information about associations Associations 'constructed' on the basis of the distribution 
of an environmental parameter are probably not consistent with reality 
Cluster analysis is a rather straightforward technique R-mode PCA also is, but results 
are a little more difficult to interpret, and some distortions of reality are possible, this is 
the more so with Q-mode PCA (GAUCH, 1982), while statistical testing of Q-mode 
PCA results is also problematic (PIELOU, 1984) The 'classical' vegetation table is a 
good method to use, but it becomes the more useful when the user has more a prion 
knowledge of the ecology of the species he is trying to arrange in groups 
I think, that the TWINSPAN-method - and related methods - is very effective in both 
being well interpretable, rather straihtforward, and combining the merits of several of 
the above mentioned methods 
Patchiness 
Patchiness forms a difficult problem, with various possible causes Often mathematical 
modelling has been used in trying to understand and describe this phenomenon Many 
models have been constructed, most with an equilibrium between physical diffusion and 
biological production as a basis (e g KIERSTEAD & SLOBODKIN, 1953, PLATT & 
DENMAN, 1975a) Later attempts to patchiness models incorporate more parameters, 
like turbulent diffusion, nutrient depletion, light periodicity, and grazing 
(WROBLEWSKI & O'BRIEN, 1976, WANGERSKY & WANGERSKY, 1980) All 
those authors found a theoretical minimum size for a monospecific patch of ca 100 m, 
smaller patches will be destroyed by horizontal diffusion This would mean, in my 
opinion, that such a patch can never originate from one inoculum, bul only from many, 
growing rapidly and simultaneously Other results (see below) as well as my own results 
indicate the existence of smaller patch sizes, at least in multispecif ic populations Studies 
of patchiness in phytoplankton communities by means of spectral analvsis of chlorophyll 
concentration data were reported by PLATT (1971) and several other authors PLATT 
& DENMAN (1975b) reviewed their results They found that typical length scales were 
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50-100 m, where turbulent diffusion predominates, 100 m - 5 km, where physical trans­
port determines patchiness, and larger than 5 km, where phytoplankton growth domi­
nates over physical transport in determining spatial heterogeneity Also, characteristic 
length-scales for several species in Lake Tahoe have been calculated, e g Cyclotella 
stelligera 220 m 
THERRIAULT & PLATT (1981) showed that in the near-surface waters of a small 
coastal embayment patchiness was decreased by wind stress 
At winds below 5 m/s on days preceding sampling, there was a certain spatial 
heterogeneity caused by biological factors and fluctuations in the physiochemical charac­
teristics of the water At wind velocities higher than 5 m/s the patchiness was smoothed 
out by turbulent transport processes 
HARRIS & SMITH (1977) concluded that mixing of two water masses with different 
biological characteristics resulted in a small-scale patchiness (scales from centimetres to 
metres) BAINBRIDGE (1953) reported about a cyclic patchiness caused by grazers 
periodically following their food-organisms when the density of the latter became high 
enough 
Other studies point to the existence of three 'spatial regions' called by SANDUSKY & 
HORNE (1978) 'clustering zone' (dimensions smaller than 10 m), 'turbulence zone' 
(between 10 m and 100 m), and 'patchiness zone' (larger than 1 km) In the Dutch coastal 
area three studies can be mentioned in relation to this subject The first two studies 
concern the distribution of several nutrients in the Southern Bight of the North Sea (VAN 
HATTUM ET AL , 1976, VAN TILBURG ET AL , 1977) In these studies, patches in 
the nutrient distribution were found in two sizes very small patches and patches in the km 
range These conclusions are based on an analysis of variance, of a more complete 
scheme of samples than in my own study The same kind of patchiness was found in the 
south-west of The Netherlands in the salt water Lake Grevelmgen, as well as in the 
Eastern Scheldt (BIRNBAUM, pers comm ), on the basis of cruises with continuous 
registration of 'in situ' fluorescence, oxygen, and other parameters 
The third investigation that must be mentioned is the work of a large group of Belgian 
researchers, mentioned in the introduction of this dissertation In this context, NIHOUL 
(1974) reports about an experiment with a point discharge of Rhodamine В in the 
Southern Bight The results show an elliptical dispersion pattern 68 Hours after release 
(point source) the ellipse had axes of ca 8 5 by 3 6 km, the long axis being directed 
parallel to the coast A theoretical model, based on the tidal velocity vector diagram, 
predicted nearly the same curve (NIHOUL 1972) 
Further simultion of the pattern showed a stronger lengthemg of the longitudinal xis than 
of the other axis 
Although my patchiness study was based on only one sampling day, the conclusions fit 
very well into the results of other authors, discussed above 1 therefore assume that they 
are valid for more than only August I9,h 1976, particularly in view of the fact that water 
temperature apparently plays a role (see ρ 86 and Fig 24), a parameter which in several 
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of the above mentioned studies is used as an indicator for physical transport processes. 
Deviating from other studies are two aspects: 
- whereas most studies report about 1-dimensional results or models, results reported in 
this dissertation give two horizontal dimensions of the patch scales. 
- whereas most studies pertain to production or biomass data, I have analysed numbers 
per litre per species, and compared groups of species with the same kind of patchiness. 
The above considerations can also be compared with terrestral phytosociological ideas. 
On land, like in the sea, every species has its own typical patch size, dependent primarily 
on local physicochemical circumstances and on its own competitive ability. 
A community, or association, is formed by a combination of both for all species con-
cerned. It depends on the number and type of species assumed to belong to an associa-
tion, what the typical size of this association will be (compare a plant community, with 
visiting insects that will have a much larger individual distribution area than the plants: do 
the insects belong to the association or not?). 
Plankton is not attached to a bottom; it is completely surrounded by its growth medium, 
which will also transport the plankton whenever it moves, which it does continuously. 
Frequency of sampling 
The frequency of sampling was mainly dictated by the number of samples that could be 
counted within a certain time. While sampling once a month seems to be sufficient to 
obtain a reasonable impression of the qualitative aspects of the phytoplankton, this is not 
so for the quantitative aspects. Generation times of phytoplankton organisms are usually 
very short, often in the range of days or even hours. The results of GIESKES (1972a; 
1972b) and GIESKES & KRAAY (1975; 1977a) show that for primary production 
purposes even sampling once a week can be insufficient to follow the developments 
precisely. ROIJACKERS (1981) came to the same conclusion for the situation in a 
freshwater pond, on the basis of a chlorophyll-a versus time curve. 
Differences in a chlorophyll and species distribution from one week to the next are very 
large in the Southern Bight. Still, results presented in Chapter 6 of this thesis illustrate 
that it is possible to follow development of the systematic aspect fairly well with a weekly, 
or even fortnightly, sampling programme. 
Recommendations 
Further study in the area could be developed along the following lines: first, the summer, 
autumn, and winter pattern of distribution should be investigated in detail, if possible 
with weekly sampling cruises. This could be done in separate years, because the 
variability in the pattern is so large that the exact form of it in a given year is of less 
importance than its relations with environmental parameters. Secondly, a 
(reduced)sampling network should be worked out for monitoring purposes, on the basis 
of the patterns found. I would suggest stations at 3, 15, 30 and 60 km off the coast, while 
the E and N transects (see Fig. 1) could perhaps be replaced by a single transect, placed 
between them. If possible, sampling should take place fortnightly. Thirdly, once every 
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ten years or so a more intensive sampling programme should be carried out, as to discover 
long term changes, and maybe correlations with long term changes in the environment It 
is essential, then, that sampling and counting takes place in such a way, that comparison 
with the investigation of ten years earlier is well possible 
A separate study of particularly the microflagellates, among which the Chrywphyceae 
and the smaller dinoflagellates, will be necessary The work of FHRONDSbN (1969, 
1970, 1971, 1974) indicates how many species may be involved 
If these species could be identified properly, the picture might change considerably They 
can be responsible for a large part of the primary production. Their small size and thus 
high surface/volume ratio assures a very effective use of nutrients and a high turn-over 
Their systematics, however, are often badly known and still subject of discussion 
Identification often involves culture in the laboratory Preservation of samples taken at 
sea has long been a problem, but today methods are coming available that may solve this 
problem, like the acroleine-based fixative developed at the University of Groningen (The 
Netherlands) 
Instantaneous deep-freezing (HEWES & HOLM-HANSEN, 1983, PAERL, 1984, 
HEWES, REID & HOLM-HANSEN, 1984) is the most recent development in effective 
preservation techniques for small flagellates With this technique, phytoplankton is 
concentrated on a smooth polycarbonate filter, which is then placed topside down on a 
microscope slide The material is then quick-frozen (several methods are possible), and 
the filter peeled off The slide is then further prepared for permanent use Preservation of 
internal structure, flagella retention and possibility for quantitative studies are better 
than with preservation with Lugol's solution, formaldehyde, glutaraldehyde or ethyl 
alcohol 
Pigment studies with chromatographic methods like HPLC may also help in the iden-
tification of certain groups or even species 
The fact that taxonomy of algae is based to a large extent on external morphology - at 
least for the specific and generic level - makes this discussion all the more difficult As 
appears from recent studies with the scanning electron microscope, particularly on 
species with an apparently clear external structure like diatoms (e g SIMONSEN, 1972, 
HASLE, 1972,1973), the use of such a new observation technique can drastically change 
systematics of certain groups For the very small microflagellates transmission electron 
microscopy has, in my opinion, already proven to be a much better instrument for 
identification than the light microscope, and scanning e m can be a worthy complement 
(see e.g. VAN DER VEER & LEEWIS, 1977; VAN DER VEER, 1979) 
As VAN BREEMEN (1905) already observed, recruitment of phytoplankton organisms 
is a fundamental problem, and knowledge about this for the Southern Bight is still too 
small Cysts of diatoms, dinoflagellates and other groups are known to be able to stay on 
or in the bottom during a large part of the year, or several years I suggest that bottom 
samples from the Southern Bight (including beaches) should be studied with special 
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reference to the occurrence of cysts Furthermore, laboratory studies on the behaviour of 
such cysts should shed some more light on the conditions under which cysts will form and, 
particularly, will produce new phytoplankton cells. 
Furthermore flora transitions and differences between the Southern Bight and the rest of 
the North Sea, the English Channel, and the Wadden Sea, the Delta area, and the British 
eastern coastal area should be established to provide more insight in the community 
structure in the Southern Bight 
Determination of the physiological state of cells should be used to define more precisely 
what species and idividual cells are important at a given station The use of micro-
autoradiography, as well as autofluorescene profiles in the field, and pigment analysis, 
may prove to be important instruments in the study of the dynamic aspects of 
phytoplankton communities 
Lastly, remote sensing,combined with refined colour interpretation methods, may offer 
possibilities for recognizing spatial structure of the plankton community, patchiness and 
even blooms of specific species 
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9 Summary 
After a short introduction, giving the aims of this study, the first chapter of this disserta-
tion gives a historical review of the most important research from the last part of the 19,h 
century onwards, on the systematic aspects of the phytoplankton in the Southern Bight of 
the North Sea 
Until the seventies of the present century the phytoplankton of the Southern Bight of the 
North Sea, and particularly off the Dutch coast, has received comparatively little atten-
tion Early research in other parts of the North Sea, the Baltic and the Atlantic Ocean 
lead to theories about the importance of (phyto)plankton for hydrographical research 
Dutch contributions to international researchprojects were only limited,a few local 
investigations took place 
The most important contribution certainly is that of VAN BREEMLN (1905) He 
described 136 phytoplankton species and a number of zooplankton species, together with 
the locations on and the conditions under which they were found. Furthermore he 
discussed the importance of river influx, not only affecting salinity, but also nutrient 
concentrations, for the plankton composition He assumed an elfect of local abiotic 
conditions on recruitment and particularly the possibilities of development of eggs, cysts 
and young stages In addition he concluded, that at least in a strongly mixed sea area like 
the Southern Bight, the importance of currents for the distribution of plankton must not 
be over-estimated - which, incidentally, does not necessarily mean that the plankton 
composition should not be a good indicator for hydrographical conditions Van Breemen 
did, however, criticize the ideas of Cleve on this subject, developed in the years preceed-
ing Van Breemen's work 
After Van Breemen, and until the seventies, no one has compiled a comprehensive 
survey of the phytoplankton off the Dutch coast My study is meant to provide a new 
base-line, to be referred to in future research, purely scientific as well as for drawing up 
environmental advices 
In chapter 2 the study area is described, using literature data on geomorphology, bottom, 
water quality, primary production and human influences The distribution ol the various 
water masses (see Fig 2) and river influence lead to the existence of two ecologically 
important gradients, one perpendicular to the coast, of increasing salinity and decreasing 
turbidity and pollution from rivers with increasing distance from the coast and one 
parallel to the coast, of decreasing influence of the river Rhine northwards from Hook of 
Holland Those two gradients are the basis of the spatial distribution of the plankton, 
which is furthermore shaped by wind influence, human influences and incidental 
phenomena 
Methods and materials are discussed in chapter 3 
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In my study the Dutch coastal water between Den Helder and Hook of Holland was 
sampled on 20 stations up to 70 km offshore monthly during 1974. In 1975 weekly 
sampling on a variable sampling network was accomplished for several periods. In 1976 a 
one day sampling cruise was made, aimed at obtaining some insight in the spatial 
representativity of the samples of the two previous years. 
Next follows a treatment of the used methods and a consideration of the accuracy of 
sample treatment and counting (minimum accepted accuracy ± 50%), as well as of the 
used data processing methods: cluster analysis and principal component analysis. 
In chapter 4 the measured environmental parameters are treated concisely. 
The qualitative and quantitative aspects of the phytoplankton are treated separately. The 
qualitative part mainly consists of an annotated list of 347 encountered species (chapter 
5). This list is supplemented with a table showing the seasonal variation in numbers per 
species. 
Most of the recorded species were diatoms (163), of which 55 were pennate diatoms. 
Several of the diatoms were tychoplanktonic species (characteristic for the coastal zone). 
133 species were dinoflagellates and 51 belonged to other groups, among which several 
freshwater species - useful as indicators for freshwater inflow. 
The group of the micro-algae, often present in large numbers, probably includes scores of 
species, which however, could not be identified within the scope of this study, because no 
good preservation methods were available then and methods like culturing with serial 
dilution would have required too much time. Also the systematics of some groups are still 
not very clear. 
The annotations concern taxonomical, systematical, and ecological questions. 
In the list the species that have also been recorded by VAN BREEMEN (1905) are 
indicated (by an asterisk). I found ca. 200 species that Van Breemen did not find, while he 
found 9 that I did not find. Differences in methodology cause this large discrepancy. Year 
to year changes in phytoplankton composition on top of that, make it impossible to draw 
conclusions about long term changes. 
The seasonal development is, in general terms, the following: in winter many species are 
present, but in small numbers; none of them is clearly dominant. Early spring brings the 
development of large diatoms (particularly off-shore) and later on of smaller species and 
(micro-)flagellates. In spring Phaeocystispouchetii dominates large parts of the area - and 
also of the adjacent estuaries. The summer period is characterized by a mixture of various 
groups, while sometimes dinoflagellates (many Peridiniaceae), sometimes diatoms domi-
nate the picture. Autumn at last, with among others its decreasing irradiance and 
increased turbulence by storms, constitutes the transition to the winter situation - more 
species and smaller numbers than in the summer. 
Thereafter, chapter 6 deals with the spatial and temporal distribution of species in 1974 
and 1975. In this chapter a number of different data processing methods is discussed and 
illustrated with examples.* 
* A list with all sampling stations of all cruises, with, per station the numbers of the species found, 
listed in order of dominance, is available for inspection from the author. 
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The following methods to obtain insight in the species distribution have been considered 
- a listing of dominant species in different zones of the study area - arbitrarily dis­
tinguished on the basis of the distribution of abiotic parameters considered of impor­
tance for phytoplankton (direct gradient analysis), if the a priori selected sub-areas 
have a distinct meaning or function, then this method may be useful It is not when the 
aim of the study is the finding of real phytoplankton associations, 
- presentation on a map in classes of numbers per species and per sampling cruise by 
symbols of different sizes - a method useful for some selected species, but not for a 
total survey - although it can be useful as basic reference material, 
- diversity index - with some remarks on the limitations for its use, 
- vegetation table classical method (pre-arrangement of the table by the 'greatest 
quadrat method', then if necessary displacement of columns and rows by hand), 
- vegetation table constructed with the help of the TWINSPAN programme, ι e with a 
cluster analysis as initial treatment, 
- cluster analysis (CLU) in different ways, mainly with Euclidian distance as 
dissimilarity measure, which means that dominant species determine the result, 
- principal component analysis (PCA) 
All mentioned methods can provide some insight in species distribution None of them is 
to be discarded as useless But I think TWINSPAN is the most effective, it provides clear 
results and is rather straightforward (contrary to, с g PCA) 
Results of CLU and PCA were 'translated' into a spatial distribution image per sampling 
cruise and for a whole year Problems of subjectivity in the interpretation aside, it 
appeared that spatial distribution was quite variable Only when weekly sampling was 
actually accomplished, it was possible to follow the development and the displacement of 
large scale phytoplankton patches 
Literature data show that sampling weekly is the smallest frequency advisable in studies 
of primary production, here it has been shown to be the same for studies of the systemati­
cal aspect, although combination of some results of KAT (1977) with mine, has shown 
that sampling fortnightly can offer the possibility to deduce the real developments rather 
accurately 
Furthermore, I tried to find correlations between phytoplankton distribution and en­
vironmental parameters, with the aim to be able to indicate causal relationships The 
parameters were salinity, temperature, depth, wind direction and force, current direc­
tion, light, transparency, oxygen, chlorophyll-a, day and time Again, several methods 
have been applied A PCA of species together with environmental parameters did not 
produce good results, because the values of the environmental parameters also affect the 
grouping of species It appeared more appropriate to apply PCA to species and parame­
ters separately and then to compare the results 
The phytoplankton distribution patterns can be compared with isopleths of environmen­
tal parameters, or with the values of environmental parameters on the different stations 
This was done for salinity, temperature and transparancy, but it did not produce very 
clear results 
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Correlations were calculated between the (factor) scores of characterizing species on 
distinguished PC's and the values of environmental parameters in the areas of those PC's 
In this way some indications of causal relationships were found, but no clear pattern 
appeared - probably also because 'associations' tended to be identifiable for only a short 
time rarely more than a week 
Results of the above operations show, that many different parameters have influence on 
phytoplankton distribution Only salinity, temperature and wind come out in most of the 
sampling series as important - other important parameters were continuously different 
ones 
Chapter 7 deals with the results of the 'patchiness-cruise' On August 19'h 1976 two 
alignments of 10 km length were navigated, one perpendicular, the second parallel to the 
coast Samples were taken at different distances from each other, with the dim of 
performing a variance analysis on the countings afterwards The method of Kershaw 
(quoted by GREIG-SMITH, 1964) was used in an adapted form to determine the typical 
patch sizes Speed and direction of the ship relative to the current and wind direction 
were taken into account to determine the real lengths of the axes of the patches It could 
be concluded that phytoplankton patches off the Dutch coast were ellipsoidal in shape, 
the longitudinal axis being more or less parallel to the coast 
Two sizes mainly can be distinguished one of a 10 - 200 m by a few to 50 m, and a very 
large size, of 250 m - 15 km by 100 m - 1 km In addition, of course, there are the 
'associations' of the size that CLU and PCA distinguish Lastly it must be indicated, that 
wind direction and force are of great importance to patch shape Therefore this study 
should be repeated under several different circumstances 
Assuming that the results of this study give an indication of an average situation, it can be 
concluded that the used sampling networks were suited (though not ideally) for finding 
the large size patch category, but not the small size 
Further it is important to mention that there were differences in the patch categories for 
different phytoplankton groups (diatoms, dinoflagellates, and micro-algae) Detailed 
analysis also provides indications of typical patch sizes for individual species (see also 
PLATT & DENMAN, 1975b) Preliminary indications can be read form Fig 19, 20 and 
21 Causes of the differences are probably to be found in the physiological chararctenstics 
of different species 
In chapter 8 the found patterns and relationships are discussed in more detail Compan-
sion of my species list with that of VAN BRbEMEN (1905) is not very well possible, 
because of different methods used, as well as the fluctuations from year to year that can 
not be taken into account 
The study area appeared to contain only one species 'association', with variations 
according to season, weather, and local anomalies in environmental circumstances 
Spatial variation was apparent, but temporal variation was so large that no real associa-
tions could be established Only in some cases of very dense blooms, those can be 
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followed up to a few weeks, because they stay intact as patches and do not easily mix with 
other species 
Some correlations between environmental parameters and phytoplankton patterns were 
found However, because the patterns mostly did not indicate real associations, these 
correlations are not very useful It may be expected that comparing patterns of environ-
mental parameters with those of some characteristic, dominating, or otherwise special 
species will produce some more meaningful correlations 
Spatial patchiness as found in this study was compared with literature data on theoretical 
models and results of actual measurements My results do fit in reasonably with the 
results of other studies, in various kinds of environments 
As to sampling frequency it was concluded that not only in primary production studies, 
but also in systematical studies, sampling at least weekly is necessary to follow develop-
ments accurately Nevertheless, sampling fortnightly often is sufficient to deduce the real 
developments Sampling monthly is in fact only sufficient for a general survey of the 
yearly pattern 
The used data processing methods are compared as to their effectiveness, limitations and 
interpretation problems Particularly TWINSPAN appears to be a good tool for analy-
sing community structure 
The conclusions from this study, and the questions that still stand, lead to a number of 
recommendations about further study in the area what aspects should be studied in more 
detail, and what methods could be used to obtain more insight in the phytoplankton 
community off the Dutch coast 
The appendices contain the 'TWINSPAN vegetation table', and a selection of drawings 
and photomicrographs of the encountered species 
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10 Samenvatting 
Na een korte inleiding, waarin de doelstellingen van deze studie weergegeven worden, 
geeft het eerste hoofdstuk van dit proefschrift een historisch overzicht betreffende de 
belangrijkste onderzoekingen vanaf het laatste deel van de vorige eeuw die 7ich, recht­
streeks of zijdelings, met de systematische aspecten van het fytoplankton in de Zuidelijke 
Bocht van de Noordzee hebben beziggehouden 
Tot de zeventiger jaren van deze eeuw heeft het fytoplankton van de Zuidelijke Bocht 
van de Noordzee, en speciaal dat voor de Nederlandse kust, relatief weinig aandacht 
gehad Er was in het buitenland veel belangstelling voor grootschalige onderzoekingen, 
waarbij ook theonen ontwikkeld werden over het belang van (fyto)plankton voor hydro­
grafische onderzoekingen Vanuit Nederland werd slechts beperkt bijgedragen aan 
internationale projecten, en er waren slechts enkele plaatselijke onderzoekingen De 
meest in het oog springende bijdrage is wel die van VAN BREEMEN (IWS) Dit werk 
bevat een beschrijvend gedeelte, waarin 136 fytoplanktonsoorten en een aantal zoo-
planktonsoorten behandeld worden samen met de locaties waarop, en de condities 
waaronder, ze gevonden waren Verder wees Van Breemen op het belang van de invloed 
van instromend rivierwater op de planktonsamenstelling Hij veronderstelde een effect 
van de locale abiotische omstandigheden op de recrutering en speciaal op de ontwikke­
lingsmogelijkheden van speciaal eieren, cysten en jonge stadia Tevens concludeerde hij 
dat, althans in een sterk gemengd gebied als de Zuidelijke Bocht, het belang van 
stromingen voor de verspreiding van plankton niet overschat moet worden hetgeen 
overigens niet hoeft te betekenen dat het plankton hier geen goede indicator voor de 
hydrografische omstandigheden zou zi|n Van Breemen bekritiseerde hiermee tevens de 
enige jaren daarvoor door met name Cleve ontwikkelde ideen over zo η verband 
Na Van Breemen's studie is in feite nooit meereen omvattend overzicht van de systemati­
sche aspecten van het fytoplankton voor de Nederlandse kust gemaakt, totdat in 1973 
zowel het onderzoek van Kat als van mij/elf begon Mijn onderzoek is bedoeld om te 
voorzien in een nieuwe base-lme, om aan te kunnen refereren bij toekomstige onderzoe­
kingen, ook met betrekking tot milicu-advisering 
In hoofdstuk 2 wordt het studiegebied beschreven, waarbij gebruik gemaakt is van 
literatuurgegevens over geomorfologie, bodem, waterkwaliteit, primaire produktie en 
menselijke invloeden De verdeling van de verschillende watermassa's heeft een tweetal 
ecologisch belangri|ke gradiënten tot gevolg namelijk een loodrecht op de kust, van 
toenemend zoutgehalte en afnemende troebelheid en verontreiniging door rivieren met 
toenemende afstand van de kust, en een evenwijdig aan de kust, van afnemende invloed 
van de Rijn noordwaarts vanaf Hoek van Holland Deze beide gradiënten vormen de 
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basis voor de ruimtelijke verdeling van het plankton, die verder vorm krijgt door 
windinvloed, menselijke invloeden en incidentele verschijnselen 
Materiaal en methoden worden vervolgens besproken in hoofdstuk 3 
Het Nederlandse kustwater tussen Den Helder en Hoek van Holland is in 1974 maande-
lijks bemonsterd op 20 stations, tot 70 km uit de kust In 1975 is getracht wekelijks te 
monsteren op een variabel monsternet, hetgeen voor enkele periodes gelukt is In 1976 
tenslotte werd een speciale tocht gemaakt om enig inzicht te krijgen in de ruimtelijke 
representativiteit van de monsters van de vorige twee jaren 
Hierna volgt een behandeling van gebruikte methodieken en een beschouwing over de 
nauwkeurigheid van monstervoorbereiding en tellingen (minimum geaccepteerde nauw-
keurigheid ± 50%), alsmede over de gebruikte dataverwerkingsmethodieken, cluster-
analyse en principale componentenanalyse 
De gemeten omgevingsvariabelen worden kort behandeld in hoofdstuk 4 
De kwalitatieve en kwantitatieve aspecten van het fytoplankton worden apart behan-
deld Het kwalitatieve deel omvat in hoofdzaak een geannoteerde lijst van 347 aangetrof-
fen soorten (hoofdstuk 5) Deze lijst is aangevuld met een tabel waarin per soort de 
seizoensvanatie wordt aangegeven 
De meeste gevonden soorten waren diatomeen (163), 55 daarvan pennate diatomeen. 
Onder de diatomeen waren ook verscheidene tychoplanktomsche soorten (karakteris-
tiek voor de kustzone) 133 soorten waren dinoflagellaten en 51 behoorden tot verschil-
lende andere groepen, waaronder diverse zoetwatersoorten - die dus gebruikt kunnen 
worden als indicator voor ingestroomd zoet water 
De groep micro-algen, vaak in grote aantallen aanwezig, omvat waarschijnlijk tientallen 
soorten, die echter binnen het bestek van deze studie met geïdentificeerd konden 
worden, omdat er toen nog geen goede conserveringstechniek beschikbaar was en 
methoden als kweken met verdunningsreeksen te tijdrovend zouden zijn geweest Ook is 
de systematiek van sommige groepen nog steeds niet erg duidelijk 
De annotaties betreffen zowel taxonomische, systematische, als ook ecologische zaken 
Tevens is in de lijst aangegeven welke soorten ook door VAN BREEMEN (1905) 
gevonden zijn In mijn studie werden ruim 200 soorten gevonden die Van Breemen met 
gevonden heeft, terwijl hij er 9 noemt die ik met gevonden heb Er kunnen echter geen 
conclusies getrokken worden over lange termijnveranderingen, enerzijds vanwege de 
verschillen in methodologie, anderzijds vanwege de grote verschillen van jaar tot jaar die 
in de fytoplanktonsamenstelling kunnen optreden 
Het seizoensverloop is in grote lijnen het volgende in de winter zijn vele soorten in kleine 
aantallen aanwezig, terwijl geen daarvan duidelijk domineert Het vroege voorjaar 
brengt de ontwikkeling van grote diatomeen (vooral off-shore) en vervolgens kleinere 
soorten en (micro-)flagellaten In het voorjaar domineert Phaeocystispouchetn (Hapto-
phyceae) grote delen van het gebied - en tevens van de aangrenzende estuaria De 
zomerperiode wordt gekarakteriseerd door een mengsel van diverse groepen, waarbij 
soms dinoflagellaten (veel Pendineae), soms diatomeen het aspect bepalen De herfst 
tenslotte, met onder andere dalend instralingsmveau en vergrote menging door stormen, 
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dan in de zomer 
Hoofdstuk 6 behandelt vervolgens de ruimtelijke en temporele verspreiding van с 
soorten in 1974 en 1975 Daarbij wordt een aantal bewerkingsmethoden beschouwd É 
met voorbeelden geïllustreerd * 
Als methoden om inzicht te krijgen in de verspreiding zijn behandeld lijst van dominam 
soorten m arbitrair op grond van milieufactoren onderscheiden zones (direct gradici 
analysis), deze methode kan zinvol zijn wanneer de a priori geselecteerde zones < 
subgebieden een duidelijke betekenis of functie hebben Voor het zoeken naar werki 
lijke fytoplanktonassociaties is zij slechts zeer beperkt bruikbaar Presentatie in aai 
talsklassen per soort en monstertocht met behulp van symbolen van verschillende afmi 
ting - een methode die voor enkele geselecteerde soorten bruikbaar is, doch niet a 
totaaloverzicht - alhoewel het als referentiemateriaal naast de eerdergenoemde lijst zij 
nut kan hebben, diversiteitsindex - waarbij enkele opmerkingen geplaatst worden ovf 
de beperkingen van het gebruik daarvan, vegctatietabel volgens de klassieke method 
(met behulp van grootste kwadraten methode gerangschikt, daarna eventueel 'met d 
hand' kolommen en rijen verplaatst) en met behulp van het programma TWINSPA> 
d w z met een clusteranalyse als voorbewerking, clusteranalyse (CLU) op diver« 
manieren, principale componenten analyse (PCA) Alle genoemde methoden kunnen o 
hun eigen manier enig inzicht verschaffen in de verspreiding der soorten TWINSPAN 
mijns inziens de meest effectieve, deze methode verschaft duidelijke resultaten en 
eenvoudig te interpreteren (in tegenstelling tot bijvoorbeeld PCA) De resultaten van d 
laatste twee bewerkingstypen zijn 'vertaald' in een ruimtelijk verspreidingsbeeld pc 
monstertocht, zowel als voor een heel jaar gemiddeld Afgezien van interpretdtieprobh 
men, waarbij de subjectiviteit van de onderzoeker weer een rol gaat spelen, bleek, dat d 
ruimtelijke verspreiding zeer variabel was Slechts wanneer werkelijk wekelijks gemor 
sterd werd, was het mogelijk de ontwikkeling en verplaatsing van grootschalige fytoj 
lankton-patches te volgen Uit de literatuur was dit reeds duidelijk voor het produkti« 
aspect, hier is het ook duidelijk aangetoond voor het systematische aspect loch blee 
ook, door combinatie van enkele gegevens van KAT (1977) met de mijne, dat ее 
14-daagse bemonstering de mogelijkheid kan bieden de werkelijke ontwikkeling met ее 
vrij grote mate van zekerheid af te leiden 
Voorts is getracht de verspreiding van het fy toplankton te correleren met miheufactorer 
teneinde oorzakelijke verbanden te kunnen aangeven Ook hiervoor zijn diverse methc 
den beproefd De betreffende parameters waren saliniteit, temperatuur, diepte, winc 
richting en -kracht, stroomrichting, licht, doorzicht, chlorophyll-a, dag en tijd 
Een PCA van soorten samen met milieufactoren geeft geen goede resultaten, daar d 
waarden van de milieufactoren tevens de indeling van de soorten in groepen beinvloedei 
* Een lijst van alle monsterstations van alle tochten met per station de aantallen van aangetroffe 
soorten, in volgorde van dominantie, is beschikbaar voor inzage bij de auteur van dit proefschnf 
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De resultaten van aparte PCA's van soorten en van milieufactoren kunnen wel goed 
vergeleken worden 
Een fytoplankton-verspreidingspatroon kan vergeleken worden met de isopleten van 
diverse milieufactoren, ook kan een presentatie van PC s in grafiekvorm aangevuld 
worden met symbolen voor de waarden van milieufactoren op de diverse stations Beide 
methoden zijn zeer bruikbaar om een indruk van relaties te krijgen In dit onderzoek 
echter leverden ze geen eenduidige resultaten op 
Tenslotte is een correlatieberekening uitgevoerd tussen scores van karakteristieke soor-
ten op onderscheiden PC's met de waarden van milieufactoren in het gebied van die PC's 
Dit levert een aantal aanduidingen op van milieufactoren die voor de betreffende 
patronen belangrijk zijn, echter geen duidelijk patroon - vermoedelijk ook, omdat 
'associaties' zelden langer dan een week bleven bestaan 
Uit de resultaten van bovenstaande bewerkingen blijkt, dat vele verschillende factoren 
invloed hebben Het is met mogelijk om aan te geven dat een bepaalde fattor altijd een 
grote rol speelt - het zijn steeds andere die significante correlaties met de fytoplanktonpa-
tronen hebben Wel valt echter het belang op van saliniteit, temperatuur en van wind 
In hoofdstuk 7 wordt vervolgens de 'patchiness-tocht' behandeld In 1976 werd op 19 
augustus een tweetal 10 km lange raaien gevaren, een loodrecht op de kust, de tweede 
evenwijdig aan de kust Daarbij werden monsters genomen op verschillende afstanden 
van elkaar, op de tellingen waarvan naderhand een vanantie-analyse werd uitgevoerd 
Met een aangepaste vorm van de methode Kershaw, aangehaald door GREIG-SMITH 
(1964), werden vervolgens de typische patch-groottes vastgesteld De werkelijke vorm 
van de patches werd vastgesteld door ook de snelheid en vaarrichting ten opzichte van 
stroom en wind in te calculeren De conclusie houdt in, dat de patches voor de Neder-
landse kust alle een ellipsvorm hadden, met de lange as ongeveer evenwijdig aan de kust 
Er komen in hoofdzaak twee afmetingen voor, nl zeer kleine patches, van 10 - 200 m bij 
enkele tot 50 m en zeer grote, van 250 m -15 km bij 100 m tot 1 km Daarnaast uiteraard 
de 'associaties' van de afmetingen zoals de resultaten van de CLU en PCA aangeven 
Tenslotte is het natuurlijk van de windrichting en -kracht afhankelijk, hoe de verhouding 
tussen lange en korte as van de patches zal zijn Daarom zou deze studie onder diverse 
andere omstandigheden herhaald moeten worden 
Voorlopig kan uit deze studie de conclusie getrokken worden, dat de gebruikte monster-
netten geschikt waren (doch met ideaal) om de grote patch-categorie te vinden, maar met 
de kleine 
Opgemerkt moet worden, dat er verschillen waren in de patch-categoneen voor de 
groepen diatomeen, dinoflagellaten en micro-algen Gedetailleerde analyse van de figu-
ren 19 t/m 21 levert tevens voorlopige indicaties op van de karakteristieke patch-groottes 
voor individuele soorten (zie ook PLATT & DENMAN, 1975b) Oorzaken van deze 
verschillen moeten vermoedelijk gezocht worden in de fysiologische verschillen tussen de 
soorten 
In hoofdstuk 8, de discussie, wordt nog wal nader ingegaan op de gevonden patronen en 
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verbanden Vergelijking van mijn soortenlijst met die van VAN BREEMEN (1905) is 
met goed mogelijk, vanwege de verschillende gebruikte methoden, alsmede vanwege de 
fluctuaties van jaar tot jaar die niet ingecalculeerd kunnen worden 
Het studiegebied bleek slechts een soortenassociatie' te bevatten, met variaties naar 
seizoen, weersomstandigheden en lokale anomalm m milieu-omstandigheden Ruimte-
lijke variabiliteit was duidelijk aanwezig, maar de temporele variabiliteit was dermate 
groot, dat geen echte associaties konden worden vastgesteld Slechts in het geval van zeer 
dichte bloeien, konden deze tot enkele weken lang gevolgd worden, omdat ze intact 
blijven als patches en slechts moeilijk met andere soorten mengen 
Er werd een aantal correlaties gevonden tussen milieuparameters en fytoplanktonpatro-
nen Echter, omdat de fytoplanktonpatronen meestal geen echte associaties aanduidden, 
zijn deze correlaties nauwelijks bruikbaar Verwacht mag worden dat de vergelijking van 
de patronen van milieuparameters met die van karakteristieke, dominante of anderszins 
bijzondere soorten meer betekenisvolle correlaties zal opleveren 
Ruimtelijke patchiness zoals in deze studie gevonden, is vergeleken met literatuurgege-
vens over theoretische modellen en resultaten van metingen Mijn resultaten komen 
redelijk overeen met die van andere studies, m diverse soorten milieus 
Wat betreft monsterfrequcntie werd geconcludeerd dat het met alleen in studies betref-
fende primaire produktie, maar tevens in studies betreffende systematische aspecten, 
noodzakelijk is tenminste wekelijks te monsteren om de ontwikkelingen exact te kunnen 
volgen Toch is een monsterfrequcntie van eens per veertien dagen vaak voldoende om 
de werkelijke ontwikkelingen te kunnen afleiden Maandelijks monsteren is in feite 
alleen voldoende voor een algemene survey van het jaarlijkse patroon 
Enkele bewerkingsmethodieken passeren nog eens de revue waar het onderlinge ver-
schillen en interpretatiemoeilijkheden betreft Vooral TWINSPAN blijkt een goed stuk 
gereedschap te zijn voor het analyseren van de structuur van levensgemeenschappen 
De conclusies uit deze studie, en de nog openstaande vragen, leiden tot een aantal 
aanbevelingen over verdere studie in het gebied welke aspecten moeten nog meer 
gedetailleerd bekeken worden, en welke methoden zouden gebruikt kunnen worden om 
meer inzicht te krijgen in de fytoplanktongemeenschap voor de Nederlandse kust 
De appendices bevatten een vcgetatietabel opgesteld met behulp van het TWINSPAN 
computerprogramma, en een selectie van tekeningen en microfoto's van de aangetroffen 
soorten 
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Gymnodinium simplex 3333 
Ceratium fusus 3333 
Thalassiosira decipiens 3333 
Sceletonema costatum 2333 
Guinardia flaccida 3333 
Rhizosolenia hebetata var.sem. 3233 
Nitzschia seriata 3333 
Rhizosolenia imbr.var.schrubs. 3333 
Cymatosira belgica 3333 
Nitzschia closterium 3333 
Chaetoceros div. spec. 3333 
Katodinium glaucum 3333 
Torodinium robustum 3333 
Rhodomonas spec. 3333 
Gymnodinium div. spec. 3333 
Melosira sulcata 3333 
Pennales non det. 3333 
Micro-algae 3333 
Streptothcca tamesis 332 
Thalassiosira minima 3233 
Protoperidinium achromaticum 2 
Ceratium macroceros 222 
Cocconeis spec. 2 22 
Stephanopyxis turris 
Protoperidinum divergens 
V 
Cerataulina bergonii var.elong. 2 
Amphidinium longum 
Ankistrodesmus falcatus 2 
Dimerogramma minor 3 
Thalassiosira nordenskjldii 2 
VI 
Anabaena spec. 2 
Chaetoceros socialis 
Hyalodiscus scoticus 
IV 
Ropería tessellata 2 
116 
stations 
1 111 11 11 1 
74489 2393 17686 12 
33333 
33333 
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33333 
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33333 
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33333 
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011001 
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011001 
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011001 
3 2 2 2 2223 22 011010 
2 2 22 2 2 2 011010 
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2 2 2 3 3 22 011010 
2 2 2 2 3 011010 
222 2 222 2 011011 
2 2 2 011011 
3 2 2 2 011011 
2 2 22 OHIO 
Species 
VI 
Gymnodinium abbreviatum 
Thalassiothnx frauenfeldii 
Melosira nummuloides 
Menngosphaera mediterranea 2 
121 
0055 
2 
2 
2 
stations 
1 111 
74489 
11 
2393 
11 1 
17686 
2 
12 
22 
22 
2 
011110 
01ШО 
011110 
011111 
I 
Diplopsalis lenticula 
Leptocylindrus minimus 
23 
2 2 
2 
32 2 
IV 
Nematodimum armatum 
Actinoptychus splendens 
VI 
Amphidinium sphénoïdes 
V 
Tnceratium favus 
Amphidinium klebsu 
Ceratium tripos 
VI 
Thalssiosira fallax 
Cochlodmium vinctum 
Gymnodinium rhomboïdes 
III 
Protoperidimum mite 2222 23 
VI 
IV 
10000 
10001 
2 
2 
2 2 
2 
2 
2 
32 
2 
2 
2 
2 
2 
2 3 
2 
222 
2 
22 
222 
232 
2 
2 
2 22 
2 2 
3 
22 2 
2 2 
232 2 
2 
100100 
100100 
100101 
100110 
100110 
100110 
100111 
100111 
100111 
10100 
Dinophysis acuta 
Melosira westn 
Prorocentrum redfieldn 
Schroederella schroederu 
Fragillana div spec 
Protoperidimum monospinum 
Oscillatoria spec 2 2 
Chaetoceros spec 2 
Coscinodiscus excentncus 2 
Astenonella Icariana 
Lyngbia spec 
Melosira granulata 
22 2 
232 
3322 
3 
2 
2 2 
2 
2 
2 
2 
2 
222 
3322 
2222 
3332 
2 22 
2 
22 
23 
2 32 
2 2 
2 2 
22223 
23322 
33333 
22 22 
2 22 
22222 
232 2 
2 2 3 
22222 
2 2 2 
3222 
32322 
22 
22 
3 
23 
22 
22 
2 
33 
33 
101010 
101010 
101010 
101010 
101011 
101011 
101100 
101100 
101100 
101100 
101100 
101100 
117 
stations 
VI 
VI 
π 
VI 
VI 
IV 
Species 
M.granulata var. angustissima 
Merismopedia spec. 
Phacus spec. 
Thalassiosira rotula 
Odontella rhombus 
Gonyaulax spinifera 
Ebria tripartita 
Dinophysis ovum 
Cyclotella striata 
Rhabdonema spec. 
Cladopyxis setífera 
Thalassiosira gravida 
Melosira moniliformis 
Aulacodiscus argus 
Crucigenia emarginata 
С. spec. 
Melosira italica 
Phacus triqueter 
Kirchneriella div. spec. 
Selenastrum gracile 
Marssoniella elegans 
Asterionella formosa 
Chaetoceros brevis 
Synedra spec. 
Cosmarium spec. 
Chaetoceros debilis 
Fragillaria pinnata var.trigona 
Pediastrum div. spec. 
Licmophora spec. 
121 
0055 
2 
2 
2 
2 2 
2 
2 
2 
1 111 
74489 
2 
2 
2 
2 
2 
11 
2393 
2 
2 2 
2 
3 
2 
2 
222 
2 
2 
2 
2 
2223 
11 1 
17686 
222 2 
2 
2 2 
2 2 
22 22 
3322 
222 
32 2 
2 2 
2 
2 
32 2 
2 
2 
3 
2 
2 
2 
12 
33 
2 
22 
2 
2 
2 
2 
2 
2 
22 
2 
2 
33 
23 
22 
2 
22 
22 
32 
23 
2 
2 
2 
2 
3 
23 
33 
101100 
1011«) 
101100 
101100 
101101 
101110 
ionio 
101111 
110000 
110001 
110010 
110011 
noon 
110100 
110100 
nomo 
ποιοι 
110101 
ποιοι 
110101 
ποιοι 
ποιοι 
ποιοι 
ποιοι 
ποιοι 
ποιοι 
ποιοι 
ποιοι 
11011 
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Ill 
VI 
IV 
VI 
VI 
stations 
Species 121 1 111 
0055 74489 
Coscinodiscus concinnus 2 
Eunotia spec. 
Chroococcus spec. 
Protoperidinium obtusum 
Chaetoceros teres 
Protoperidinium subinerme 
P. thorianum 
Katodinium rotundatum 
Plagiogramma leve 
Coscinidiscus centralis 
Bacteriastrum hyal. var.princ. 
Bellerochea malleus 
Chaetoceros compressus 
Melosira varians 
Coscinidiscus asteromphalus 
Protoperidinium spec. 
Bicpharocysta splendor-maris 
Cryptomonas spec. 
cf. Gonyaulax catenata 
Chaetoceros radians 
Ch. holsaticus 
Ch. curvisetus 
Ch. ceratosporum 
Ch. eibenii 
Oocystis spec. 
Detonula confervacea 
Prorocentrum scutellum 
Porosira gracilis 
Chaetoceros contortus 
Ch. subtilis 
Gymnodinium lebourae 
Protoperidinium ovatum 
11 
2393 
2 
2 
2 
22 
222 
2222 
22 3 
222 
22 
22 
22 
22 
2 
2 
2 
11 1 
17686 12 
32322 32 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
22 
2 
2 
2 
2 
2 
2 
2 
22 
2222 
22 2 
322 3 
2 
2 
2 
2 
ПНЮ 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111010 
111011 
111011 
111011 
111011 
111100 
111101 
111101 
inno 
inno 
nini 
nini 
nini 
n u n 
stations 
Species 
Ρ granii 
Gyrodinium calyptoglyphe 
Protopendinium excentncum 
Gymnodium spec 
Dinophysis div. spec. 
121 
0055 
0000 
0000 
0111 
on 
01 
II 
1 111 
74489 
00000 
11111 
01111 
0001 
011 
01 
11 
2393 
22 
2 
2 
2 
2 
1111 
0000 
0000 
0111 
on 
01 
I I 
11 1 
17686 
11111 
00(XX) 
11111 
00001 
0001 
on 
II 
12 
11 
11 
01 
II 
Legenda: TWINSPAN output for the data of the whole year of 1974 
1 = species present m 1 or 2 cruises 
2 = species present in 3,4 or 5 cruises 
3 = species present in 6,7 or 8 cruises 
Roman numerals indicate first to sixth divisions of the species and stations 
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Appendix 2 
A. Drawings 
1-6. Unidentified microflageilates 
7. cf. Chaetoceros spec. 
8. Katodinium rotundatum (Lohmann) Loeblich III 
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9 Unidentified 'naked' dinoflagellates 
10 Dinoflagellate spore9 
11 Tintinnid cysts 
12 Prorocentrum gracile Schutt 
13 Rhizosolenia alataforma gracillissima (Cleve) Gran 
14 Dinobryon spec 
15 Spongilla spec (spiculae) 
16 Algal sporophyte 
17 Bactenophyta9 
18 Protopendinium spec 
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В. Photomicrographs 
Scale in all photographs is 10 μιτι 
1 As yet unidentified specimens 
Dinophyceae nrs 1-19 
Baallanophyceae nrs 20-23 
Other groups nrs 24-26 
Zooplankton nrs 27-28 
Unknown nrs 29-32 
2 Identified or partly identified specimens 
Cryptophyceae 
0 Rhodomonas spec 
Dinophyceae 
1 cf Prorocentrum aporum (J Schiller) Lilhck 
2 Idem 
3 Prorocentrum balticum (Lehmann) Loeblich III 
4 Prorocentrum redfieldii Bursa 
5 Dinophysis acuminata Claparede et Lachmann 
6 Dinophysis ovum Schutt 
7 Dinophysis rotundata Claparede et Lachmann 
8 Amphidinium sphénoïdes Wulff 
9 Gymnodinium heterostriatum Kofoid et Swezy 
10 Cf Gymnodinium mannum Kent 
11 Gyrodinium aureolum Hulburt 
12 cf Gyrodinium lohmannii Paulsen 
13 Gyrodinium spirale (Bergh) Kofoid et Swezy 
14 Nematodinium armatum (Dogicl) Kofoid et Swezy 
15 Idem 
16 Polykrikos schwartzii Butschh 
17 Katodinium glaucum (Lebour) Loeblich III 
18 cf Katodinium glaucum (Lcbour) Loeblich III 
19 Katodinium spec 
20 Dissodimum pseudolunula Swift 
21 Diplopeltopsis minor (Paulsen) Pavillard 
22 cf Diplopsahs lenticula Bergh 
23 Heterocapsa tnquetra (Ehrenberg) Stein 
24 Protopendinium claudicans (Paulsen) Balech 
25 Idem 
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26 Protoperidinium divergens (Ehrenberg) Balech 
27 Protoperidinium Iconis (Pavillard) Balech 
28 cf Protoperidinium minutum (Kofoid) Loeblich III 
29 cf Protoperidinium obtusum (Karsten) Parke et Dodge 
30 Idem) 
31 Idem}d e l e t e d 
32 Protoperidinium pellucidum Bergh 
33 Protoperidinium spec 
34 Protoperidinium spec , with cyst 
35 Scnpsiella trochoidea (Stein) Loebhch III 
36 Idem 
37 Gonyaulax digitalis (Pouchet) Kofoid, cyst 
38 Idem 
39 Idem 
40 Gonyaulax spimfera (Claparede & Lachmann) Diesing 
41 Gonyaulax gnndleyi Reinecke 
42 Ceratium furca (Ehrenberg) Claparede et Lachmann 
43 Ceratium fusus (Ehrenberg) Dujardin 
44 Ceratium horndum (Cleve) Gran (fo batavum Paulsen) 
45 Ceratium hneatum (Ehrenberg) Cleve 
Chlorophyceae 
46 Scenedesmus spec 
Chrysophyceae 
47 Apedinella spimfera (Throndsen) Throndsen 
48 cf Pseudopedinella spec (note apical extension) 
49 Idem 
Bacillariophyceae 
50 Melosira sulcata (Ehrenberg) Kutzing 
51 Stephanopyxis turns (Greville et Arnott) Ralfs 
(note multiple cell walls) 
52 Coscinodiscus cf excentricus Ehrenberg 
53 Coscinodiscus spec 
54 Coscinodiscus spec (cleaned, from Dutch Wadden Sea) 
55 Guinardia flaccida (Castracane) Peragallo 
56 Idem (note round chromatophores) 
57 Idem (valva) 
58 Chaetoceros damcus Cleve 
59 Chaetoceros densus Cleve 
60 Chaetoceros spec 
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61 Chaetoceros spec 
62 Chaetoceros spec 
63 Tnceratium alternans Bailey (cleaned, from Dutch Wadden Sea) 
64 Tnceratium antediluvianum (Ehrenberg) Grunow (cleaned, from Dutch Wad-
den Sea, probably fossil) 
65 Odontella regia Schultze (valva, treated with peroxide and heat, from the Dutch 
Wadden Sea) 
66 Odontella regia Schultze, with 8 spores 
67 Odontella sinensis (Greville) Grunow 
68 Odontella sinensis (Greville) Grunow (valva, treated with peroxide and heat, 
from the Dutch Wadden Sea) 
69 Cerataulina bergonii var elongata Schroder (preparation in water, normal mi-
croscope, phase contrast) 
70 Idem 
71 Idem (bright field + green filter) 
72 Idem 
73 Leptocylmdrus danicus Cleve (bright field -I- green filter) 
74 Cerataulina bergonii var lata Cleve (inversed microscope, bright field, prepara-
tion in Lugol) 
75 Plagiogramma brockmannu Hustedt 
76 Plagiogramma vanheurckn Grunow 
77 Thalassionema nitzschioides Grunow 
78 Stauroneis membranacea (Cleve) Hustedt (valva) 
79 Stauroneis membranacea (Cleve) Hustedt 
80 Navícula distans (W Smith) A Schmidt 
81 Pleurosigma affine Grunow 
82 Pleurosigma 'affine small" 
83 Idem 
84 Pleurosigma angulatum (Quekett) W Smith 
85 Pleurosigma planctomcum Simonsen (note chromatophores) 
86 Idem (showing raphe) 
87 Idem 
88 Nitzschia clostenum (Ehrenberg) W Smith 
(var longissima sensu Meunier) 
89 Nitzschia sigma (Kutzing) W Smith 
Fossil groups 
90 cf Dcvadimum nestonum 
91 cf Valensiella moderna 
92 cf Lemamensis furfurosis 
93 Algal sporophyte 
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groot arsenaal aan kennis op het gebied van de aquatische ecologie Ondanks de afstand 
Texel-Nijmegen en Middelburg-Nijmegen, en ondanks de lange tijd die ligt tussen mijn 
eerste bezoek aan het Laboratorium voor Aquatische Oecologie en deze dag, heeft het 
proces van begeleiding nooit stilgestaan Dat ik daarbij méér heb ondervonden dan 
alleen wetenschappelijke belangstelling voor mijn onderwerp, stemt mij zeer dankbaar 
Door de jaren heen heb ik met vele deskundigen over mijn werk mogen spreken De 
bijdragen van hen die ik hier niet met name noem zijn verwerkt in alle aspecten van dit 
proefschrift 
Ik hoop dat de vele goede contacten nog lange tijd zullen blijven bestaan 
Tenslotte moet vermeld worden dat deze studie mogelijk gemaakt is door de aanstelling 
van de auteur, gedurende enkele maanden, op kosten van de Nederlandse organisatie 
voor Zuiver Wetenschappelijk Onderzoek (ZWO), waarna vanaf begin 1974 de subsidie-
ring werd overgenomen door de Stichting Biologisch Onderzoek (BION), binnen het 
kader van de werkgemeenschap Aquatische Oecologie 
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Curriculum vìtae 
Rob Leewis werd op 11-02-1947 te Rotterdam geboren In 1967 behaalde hij het diploma 
Gymnasium-B aan het Lyceum te Enschede In hetzelfde jaar begon hij met de studie in 
de Biologie aan de Universiteit van Amsterdam In januari 1971 slaagde hij voor het 
kandidaatsexamen, waarna de studie werd voortgezet aan de R U Groningen 
Daar werden de twee bijvakken gedaan systematiek van micro-algen met behulp van 
electronenmicroscopie en dierecologie Koolmezenonderzoek 
Het hoofdvak, mariene ecologie, werd op Texel bij het Nederlands Instituut voor 
Onderzoek der Zee (NIOZ) gedaan oriëntatie en migratie van Strandkrabben 
Na het doctoraal-examen in 1973 werkte hij eerst enige maanden op 'De Kleine Aarde' in 
Boxtel, waar zijn taak voornamelijk bestond uit het opzetten van een algenkweek en een 
viskweek Vervolgens werkte hij drie jaar bij het NIOZ, in dienst van de Nederlandse 
Organisatie voor Zuiver Wetenschappelijk Onderzoek (ZWO) en de Stichting Biolo-
gisch Onderzoek (BION), aan het verzamelen van het datamateriaal voor dit 
proefschrift 
In 1977 trad hij in dienst bij de Hoofdafdeling Milieu en Inrichting van de Deltadienst der 
Rijkswaterstaat, onderafdeling Hydrobiologie, sinds 1979 is hij hoofd van de onderafde-
ling Biologie van die dienst 
Eind 1985 ging deze dienst op in de nieuwe Dienst Getijdewateren (DGW), waarin hij als 
hoofdtaak kreeg het doen en bevorderen van onderzoek op het gebied van de begroeiing 
van harde bodems onder water 
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1 Beschrijvingen van fossiele dinoflagellaten zouden meer met die van recente cysten 
moeten worden vergeleken 
Wall, D & В Dale 1968 Micropaleont , 14 265 304 
Reíd P C , 1972 Unpubl PhD Thesis, Univ of Sheffield, Gr Britain 1-273 
Sarjeant, WAS 1974 Fossil and living Dinoflagcllates Acad Press, Londen/New 
York 1 182 
2 Een diversiteitsindcx is ongeschikt om stabiliteit of 'maturity' te meten in een zo 
instabiel en constant jong systeem als het plankton in de Zuidelijke Bocht van de 
Noordzee 
3 Het zou aanbeveling verdienen om een studie te doen uitvoeren naar de ontwikke-
ling van het denken over en het gebruik van patroopherkenningsmcthodieken, 
clusteranalyse en factoranalyse, met name in de biologie 
4 Bij kolomevormende algensoorten verdient het tellen van het aantal kolonies de 
voorkeur boven het tellen van het aantal individuen, wanneer althans eerst middels 
een onderzoek de jaarcyclus van de mate van kolonievorming is vastgesteld 
5 Waar natuurbeheer verder gaat dan het scheppen en vooral het handhaven en 
bewaken van randvoorwaarden voor een natuurlijke ontwikkeling, dient de vraag 
gesteld te worden, of er nu beheer plaatsvindt met het doel te beheersen, of 
beheersing omwille van het beheer 
6 Het vervaardigen door de mens van allerlei soorten werken is in energetische zin een 
logisch vervolg van de evolutie en een belangrijke factor in ecologische studies en 
beschouwingen 
7 Studie van kleinschalige bloeien van toxische fytoplanktonsoortcn, waarvan de 
effecten vaak onopgemerkt blijven, kan informatie opleveren met betrekking tot de 
mechanismen die bij grootschalige, gevaarlijke bloeien een rol spelen 
8 Het welslagen van een milieu-effect rapport (MER) staat of valt met de keuze der 
alternatieven 
9 De toxiciteit van diverse oeverbeschermingsmaterialen is niet af te meten aan de 
directe invloed op de waterkwaliteit 
10. 's Rijks wettelijk aandeel in de opbrengst van bergingen uit zee zou gericht moeten 
worden aangewend ter bevordering van de archeologie onder water in Nederland. 
11. Een aquatisch bioloog die niet kan duiken is in het nadeel ten opzichte van wel 
duikende collega's. 
12. Luctor et Submergo. 
Stellingen behorende bij het proefschrift van R.J. Leewis, 18-12-1985. 


